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PREFACE 

Y olttme n' of The Clinxail Ajyjplxcation of Aniibiohcs includes discussion of 
such mt jbiotics as have not had so extensive a clinical trial os penicillin, 
streptomj cm, chloramphenicol, or the tetracyclines In the final chapter more 
recently published information regarding these latter drugs 13 included to 
help m the choice of antibiotic Tlioso applicable to the treatment of tuber 
culosis however, aro reserved for Volume II 
As in Volume III, the references given in the bibliography arc not fulij 
comprehensive, but an attempt has been made to include enough to give a 
fair impression of tbo chnical capabilities of each antibiotic or combination 
of antibiotics discussed It is hoped also that there arc enough to enable any 
reader who wisliea to do so to studj each subject in greater detail than m 
the necessardj summarj account given here It has been the author s aim not 
to allou personal experience to bias the discussion of each subject, and the 
conclusions drawn are those which appcareil justified in the hght of all the 
dependable evidence that was available 
So for as available information allowed discussion of each antibiotic has 
followed the same scheme as m previous volumes general considerations, 
including those properties of chnical significance antibacterial effects, 
evidence of toxicity administration, and the resnits of chmeal trials 
Further, the reader is reminded that the terms used arc those emplojed by 
the authors quoted in theur references Standanl abbreviations are assumed 
to be used interchangcablj Thus Pi pyocynnta, Battlhu pyocyanew, or 
Pi aeruginosa signify the same species of organism Lihewiso ^ct fried 
landeri is equivalent to Klebsiella or Klebs pneumoniae 
My thanlU are due to Professor L P Garrod for once more cnticizmg the 
typesenpt at an earlier stage of its preparation ond to Dr H Hams for his 
editorial work on the text My thanks are also due to Mr L T Morton, who 
gave the bibliography its final check and prepared the index The help of 
Mrs M H Roberts, Mrs B Halsoj, and Jtiss W JI Poynton has been 
invaluable in tj'ping and in assistance witli cliecking the bibhography For 
providing facilities for writing this book I am indebted to the Sir Wilham 
Dunn School of Pathology, Oxford, and to the Central Medical Librarj, 
Edinburgh, and for Knancial help to the Albert and Mary L&’iker Foiindatioa 
Inc , E R Squibb & Sons, Chas Pfizer Co Inc , and Cyanamid of Great 
Britain Ltd , to all of whom I tender my thanks 

M E FLOREY 

Edinburgh 
February 1959 

The author is indebted to the editors and publishers of the following for 
permission to use illustrations 

American Journal of Medicine (Figs 1, 33, and 14) 

Annals of Surgery (Pigs 5 and 15) 

AnUbtohes and Chemotherapy (Figs 11 and 12) 

Journal of the American Mediedl Association (Figs 7 and 9) 

The Lancet (Figa 6 and 8) 

New England Journal of Medicine (Figs 2 and 10) 

Antibiotics Annual (Figs 3 and 4) 
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ERYTHROMYCIN 

GENERAL CONSIDERATIONS 
Properties of clinical Importance 

T ras antibiotic, first described aslldyan, as isolated in the Lilly Research 
Laboratones by JIcGuire, Bunch, Anderson, Boaz, Flynn, Powell, and 
Smith (1932) It m as produced from a sample of soil collected m the Phihp 
pine Archipelago This sample contained a streptomyces which was named 
erythreus ’ hj Waksman and Hennci The active prmciple in the mould was 
isolated and worked up bj a co operative effort It was found, when crystal 
line, to be a basic compound shghtly soluble m nater (2 mg per ml ) and very 
much more so in organic solvents It was active against both Gram negative 
and Gram positive bacteria, and also certain mycobacteria such as the 
H37 Rv strain of Mycobactenum iuberculosia Tests tn uio demonstrated 
that the viruses of Ijonphogranuloma venereum and mouse meningo pneu- 
monitis were inhibited in egg embryos, as were also certain ricJcettsiae 
E hiitohjtxca, Sp noiyt, and TncAomonnetufTinnhs responded to the action of 
erythromycin both tn utro and tn ttto The susceptibility of these 2 species 
to this antibiotic tn ttto was iatcr confirmed by McCowen, Callender, Lawhs, 
and Brandt (1053) Oxyunds and toxoplasma w ere also found to be susceptible 
The toxicity of the drug was found to be low in mice A dose of 2 G per kg ^ 
of weight was tolerated when given by mouth and 1 G per kg when given 
subcutaneously The LDjq was 1 8 G per kg Dogs also tolerated a fairly 
large dose (100 mg per kg ) and both dogs and mice could contmue daily 
treatment for 2 weeks without suffering any apparent ill effect When given 
by mouth to dogs the antibiotic was readily detected in the blood, urine, 
faeces, and cerebrospinal fluid, the highest level in the blood being about 
1 hour after ingestion of the dose , detectable concentrations w ere still present 
at the end of approximately 8 hours 

These early investigations were elaborated by Haight and Finland (1952 a 
and 6) They found that the stability of sterile solutions of the antibiotic was 
httle impaired after 8 weeks at 4'’C or room temperature (±25® C) At 
37° C the activity in solution began to declme from the 4th day onwards 
Heatmg above 60° C for 15 minutes or more caused some loss of activity, and 
further activity was lost when the temperature was raised to 100° C The 
activity of erythromyem was found to be greatest in an alkaline medium 
(pH 8 5) and a sbght amount was lost after filtration through a Berkefeld 
filter The activity of the antibiotic against the orgamsms mvestigated was 
mdependent of the inoculum size, end it ivas not affected by many substances 
commonly used in laboratones or found m the body, such as sodium chloride, 
glucose, sodium thioglycollate, cjsteme hydrochloride, semicarbazide, urea, 
glutamic acid, para aminobenzoic acid, fohe acid, penicillinase, or serum 
Moreover, no inhibiting substance was found m Gram negative bacilli which 
were resistant to the antibiotic 


B 1873 
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Erythromycin was found to be most active against rapidly multiplying 
organisms The rate of death of the organisms was proportional to the con 
centration of the antibiotic, and the time required to kill an inoculum was 
proportional to the size of the inoculum 

Antibacterial activity 

Haight and Finland (1052 e) found that pneumococci and haemolytic 
streptococci were the micro orgamsms most sensitive to this antibiotic, and 
that coliform bacilh, B jwoteaa, and Pa were completely resmtant 

Table 1, compiled from the studies of several mvestigators, gives a list of 
pathogens and their susceptibility to erythromycin according to tn o different 
methods of testing It will be seen from the table that, where both broth 
dilution tests and tests on agar \\ ere carried out, the broth dilution test usually 
gave a higher figure for the lowest inhibitory concentration than that given 
by tests on sohd media Nevertheless many more strains were tested by the 
latter method and they afford some idea of the relative limits of the suscepti 
bibty to erythromycm of the micro organisms tested 

Haight and Finland concluded that weight for weight the activity of this 
antibiotic and that of pemcilhn were similar against susceptible orgamsms , 
its activity tn Vitro against Gram positive organisms is thus greater than that 
of the tetracyclines or chlotamphemcol 

Bactericidal concentralione 

As 13 usual m antibiotics which are found to be bactencidal, the concentra 
tions as well as the time required for killmg the orgamsms were found to bo 
higher than those necessary for inhibition of growth in vitro Heilman, 
Herrell, IVeUraan, and Geraci (1952) found that 5 to 10 fig per ttJ were 
usually required to kill staphylococci as compared with an upper hmit of only 
2 0 ^g per ml for inhibition of growth The drug required 24 hours at a 
concentration of 1 per ml to kill a stram of Sir milta which was inhibited 
by only 0 1 fig per ml Little bactericidal effect was noted against Br 8ui$ 
Thus it would seem that, for maximum effect, considerably higher concentra 
tions should be aimed at tn mo than those needed simply to inhibit the 
pathogens concerned 

Pestsmnce — acquired and cross resislance 

Resistance to the drug was developed rapidly in enterococci and Staph 
aureus (Haight and Finland, 1952 c Heilman et al , 1952 , Schneierson, 1955) 
Resistance could also he induced m the pneumococcus and more slowly in 
group A haemolytic streptococcus and Str vindans When these strains 
became resistant to erythromycin they none the less retamed their original 
degree of susceptibihty to penicillin, streptomycin, chjortetracjcline, oxy. 
tetracycline, ehloramphemcol, bacitracm, polymvxm, and neomycm, except 
for 1 strain of type III pneumococcus m which the sensitivity to these anti 
biotics bad actually increased Oo the other hand, 30 strains of Str faeeahs, 
which were first exposed to and inhibited by erythromycin, were not found 
by Heilman ei al (1952) necessarily to be inhibited by other antibiotics In 
fact 16 of these strains were resistant to chlortetracychne, oxytetracychne, 
ehloramphemcol, and streptomycm Similarly 30 strains of Staph aureus, 
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Table 1 I'mismoN of REPBESENTAmT: Strains of Bacteria 

BY ErYTUROMYCIN (in /tO PER ML ) 


iltcro organis n 

By broth dilution test 

By agar dtluiton test 

Actitiomyeu wniefi 

01 06 


Atrobaeter aerogenes 

100 

60-200 or more 

Bacillus anChracts 


06 

Hr abortus 


100 

Br melUeneie 

156 

03 

Br suts 

1 66 

03-06 

Candida albicans A 17 


>60 

Cl psrjnngens 

10-5 0 


Other clostndia 

0 08-2 0 


C diphlhenae ! 

0 001 0 02 

0 003-3 12 

Other corynebaetena 


0 003 0 08 

E coll 

25->100 

60 200 

Ery rhttttopalhias 


008-0 2 

Batmofdalxis influsniat 

1 25-1 56 

0 4-'>0 

Hatmophdus ptrixusis 

031 

02 

KUhs pneumoniae 

>100 

6 2 >200 

Leptospira leterohaemorrhag ae* 



lAsltTVt rranocytogents 

0 I6G-D3 


Mycobaclena 

20-40 

I6t >6 2 

A'eueena eaAirrAa(te \ 22 


1 66 

Etxssirvx gonorrhotae 

0 039 

0 04-1 0 

Etustrus meninydidu 

0313 60 

019 166 

Eoeard a asteroides 

50-100 


PasUurella 

0007 125 


Proteus species 

5->100 

> 60->200 

Pseudomonas 

>5 

> 60 >200 

Salm typhx 

25->100 

100->'>00 

Other salmonellae 

12 5->100 

> 60->‘’00 

Shigellas 

25->100 

60 >200 

Staph auretM 

0 05-0 4 

0 01 '>0{ 

Streptococci — haemolytic Groups A G 

0 01-01 

0 01 3 12$ 

0-203 

0007 0 0105 


Sir ixndans ' 

0 05-0 le 

0 02 3 12 

Sir Jaeealts , 

0 155-4 0 

0 2-3 12 

Str mil s 

0 018 

0 02 3 12 

Sir pneumonuts 

0 0097 0 03 

0 009-0 09 

Tneophytoa i 


>100 

Fi6no ef olerae I 

0 63 


Vibno comma 

313-6 25 


Yeasts and fungi 

>60 

1 


From Fus llo Noyes Fulaski and Tom (1953) Oorzynslu and Neter (1953 a and 6) 
Garrod and Waterworth (195C) Haight and Finland (1952 a) Hedman HerreM Well 
man and Geraci (19 j‘’) Johnston Solomon and Vogel (1055) McGuire el q 1 (195“’) 
Powell Boniee© Pittenger Stone and Colbeitson (1953) Jones and Finland (1957 o 6 
and c) Jones Feldman and Finland (1957) Rants and Rantz (1956) 

• More sonsit ve in tiw than to benzylpeiuciUin and other antib otics tested (Onnsbee 
1953) 

•f MyeobacUrtum av um only McGuire et al (1952) 
t Including pemeUtm and streptomycin resistant strains 

5 A few haemolytic streptococci reacting with Lancefield Group D antisera only m 
h bited by 1” 6 to more than 400 ^ perml (Jones and Finland 19576) 
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25 of which were resistant to penicillin, osytetracychne, chlortetracyclme, 
chloramphenicol, or streptomycin, ■were all found to be equally sensitive to 
erythromyem "When testing 288 strains of aurciM isolated from chnical 

material for their sensitivity to various antibiotics by the blottmg paper disk 
method (containing 40 //g perml uhen erythromycin was tested), Thomson, 
Rountree, and Freeman (105G) found those that were sensitive to erj'thro 
mycm were unlikely to be so to other antibiotics in common use Tlieir 
results were as follows 




Ao 

of atratna 

Penteilltn, 




Penteillm 

alreptomyetn, 




and 

and 


£ri/fAromifein 

Penteilltn 

aireplomycin 

tetrae jeltna 

Pfuige ijpe 

•enatlite 

reautanl 

reaiatanl 

retialant 

I 

23 

6 



n 

19 

2 



m 

23 

55 

10 

29 

Unclasaifiable 

11 

8 

2 


Unable to be typed 

S 

4 



Totals 208 

84 

75 

El 

28 


However, except in an occasional case of a Staph aureus or of a non 
haemolytic streptococcus, cross resistance between carbomycin (p 37) and 
erythromycin existed (Fusillo el al , 19o3 Hobson, 1054, Kutseber, Seguin, 
Lewis, Piro, ZegareUi, Rankow, and Segall, 1054) but was found by Hsie, 
Kotz, and Nusser (19o6) not always to be complete or consistent The finding 
that resistance to the drug developed readily w as a w aming that could not be 
taken too seriously for the clinical prospects of the antibiotio Haight and 
Finland (1952 c) found that to 2 patients with staphylococcal endocarditis 
the resistance to erytbromycut of the organisms isolated from blood ealturo 
markedly increased m 7 to 10 days of therapy, and Heilman ei al (1952) also 
detected a marked mcrease m resistance in a similar infection with Sir mtlts , 
m this case treatment with erythromyan was ineffective Some indication 
that certam strains of bacteria w ere becoming more resistant to erythromj cm 
as a result of its use was given in 1954 by Tunevall and Hedemus (1954) 
Although the method of assay used by these authors w as somew hat different 
from those mentioned in Table 1, the upper limits of the mhibitory concentra 
tions were often higher than those obtained by the earhest workers Some 
bacteria normally considered sensitive to erythrora j cm were only inhibited 


by concentrations such as 

1 the IblTowmg 

Upper limit of inhibitory 
conceniratton in 

Bacterium 

l>,o of atimna teated 

pfj per ml 

Pneumococci 

15 

1 

a streptococci 

28 

25 

? 

19 

1 

Y . 

7 

5 

Str fatcaha 

Staph pyogenea and 

«1 

125 

other staphylococci 

212 

5 

0 dtphthertae 

6 

1 


Nevertheless these workers did not find any chmeal evidence of resistance m 
the treatment of pneumonia and bronchitis when amounts of 0 8 to 1 2 G 
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(lailj, by no means a Ingh dose, Mere given Pneumococci and haemolytic 
streptococci m ere eliminated from thesputum Hom ever, m hen erythromycin 
resistant strains of staph} lococci Mere becoming more prevalent in patients 
m a hospital vhere the antibiotic was used freelj (Lepper, Jloulton, Dowling, 
Jackson, and Kofman, 19o3c), it was found difficult to determme whether 
the increased resistance of the organisms found m lesions m is actually induced 
by the drug or whether it was due to cross infection 

Administration 
^dmrnislralion by mouth 

Tlie inhibitor} concentrations mentioned abo%e were obtained in ittro, 
it remained to be seen whether adequate concentrations could readilj be 
obtained in uto Oral admimstmtion was chosen as the most convement 
method It must how ever be remembered that, unlike penicilhn theactmt} 
of er}throm\cm was greater at pH 85 than at the lower pH found in the 
gastric jmec and blood For their preliminary trials Haight and Fmland 
(1952 n) chose doses of about 250 mg initially followed by 100 to 200 mg 
3 to 4 hourl} The} found onl} a rough correlation between the size of the 
dose administered and the mazimum concentrations obtained in the blood 
serum Heilman etol (1932) produced estunates of the concentrations m the 
blood serum after dilferent doses of tlie antibiotic Though variable these 
did not \ar} more than those obtained from intramuscular injection ofknown 
amounts of penicillin Tlie results obtained were as follows 
No oj 

palienti f<<| per ml tnUowiathourtaflertastdoae 

Dtue teeted 1 S 4 C P J2 J8 
03G (1) 1 0 125 0 125 

050 (1) 3 1-4 1-1 

0 30 repeated 4 0 125 0 25-8 0125-8 0 5 

040 224 210 

05G 17 0 5-16 1 8 1 8 0 6-4 0 0 25-2 0125-1 0 

From these estimations Hedman el al recommended a dose of 0 4 to 0 5 G 
every G hours In 1953 however, Mathieu de Fossey drew attention to the 
fact that gastric juice reduced the activity of the drug while Josselyn 
and Sylvester (1953) observed that, altliough the drug was readily absorbed 
from the upper part of the gastro intestinal tract gastric secretion materially 
lessened the amount absorbed When a cr}8tallme preparation of the drug 
was given in suitably coated tablets the blood levels following oral admim 
stration were consistent!} within the range necessary to inhibit most siiscept 
ible organisms tn tiiro This effect was confirmed by Smith, J W , D}ke, 
and Griffith (1953) w ho found that gelatin coated capsules containing betw een 
300 md 500 mg of the drugproducedsenim concentrations of over 1 per 
ml in the majorit} of patients and m fasting healthy subjects Even the 
capsules, however, did not protect the drug completely during its passage 
through the stomach Kirby, Maple and O Leary (1953), using doses of 

0 3 and 0 5 G in capsules found a concentration in the serum of less than 

1 fig per ml in a third of their subjects Tablets were then used which 
had a thin coatwg of an acid reaisiant matenal which disintegrated in media 
of pH 7 0 or more With these tablets a striking difference in the blood 
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levels was observed after allowance had been made for the time taken for 
them to pass through the stomach The following figures were obtamed 
from assays made by a modification of Kammclkamp's method using as test 
organism a streptococcus inhibited by 0 02 pg per ml of erythromycin 


Ao of estimations 


ug per mt at hours after dose 


Dose at each interval 

i 

s 

I 

2 

4 

6 

03 G 4-6 

0-02 

0-06 

0-2 

1-4 

0 4-2 

05G 9-10 

0-0 5 

0-10 

0-20 

01-10 

0 2-10 

"UTien doses were repeated at 6 hourly mtervals the concentrations found 

were higher still 






No of estimations 


pg per ml i 

jl hours after last dose 


Dose at each interval 

5 

I 

2 

4 

6 

0 3 G 6 hrly 10-13* 

0 5-20 

0 6-20 

0 4-20 

0 5-10 

02 10 

05 G 6 hrly 12t 

1-20 

4-60 

4-^0 

1 20 

1-20 


* Efitizaatjoss made an the 2nd to 12th day after the begiamag of admintstratioa 
t Estuaationa Tn&do on the 3rd to 16th d&y after the beginning of administration 


Thus it 13 seen that, once the dose had been repeated several times, blood 
concentrations within each 0 hour interval could reach the level required to 
inhibit susceptible organisms tn ttlro, this being m the neighbourhood of 
< 0 009 to 3 12 /ig per ml (see Table 1) 

Another method of coimteractmg the inactivation of erythromycin m 
gastnc ]uice was that of Sylvester and Josselyn (1953) who used an insoluble 
acid resistant salt of the antibiotic — erythromycin stearate This the^ gave 
suspended m carboxymethylcellulose, in d<»es of 200 to 600 mg before and 
aftermeals to adults, andmdosesofl 5rog per lb ofbody weight to children, 
either as a single dose before a meal or as 3 doses given at 4 hourly intcirals 
The absorption of this preparation was at least as good as from the large 
capsules used earher The emulsion was moreover easier to swallow Climcal 
trials with a suspension of cinnamon fiavoured erythromycm ethjl carbonate 
were made by Gattman and Rosenbaum (1954) These workers gave their 
child patients a higher dose (5 mg per lb of body weight) G hourly for 6 to 
11 days Vomitmg occurred m 1 case but no other evidence of toxicity was 
found The children all recovered from their infections, which were mainly 
respiratory 

An appraisal of the absorption of different preparations administered fay 
mouth was made by Griffith (1955) using a method of assay similar to that 
employed by Kirby cf a? (1953) Trom the 30 subjects used in these fnals a 
fair approximation of what mi gh t be expected from a given dose of erj thro 
mycm was obtamed 

Aterage pg ptr nil at loura after dose {approx )• 

Dose 2 4 6 S 

02G 0 4 0 45 0 12 0 08 

0 3G 0 64 0 64 0 16 0 1 

0 5 G 1 28 1 4 0 64 0 24 

* Taken from logarithmic graph 

These average levels are withm the range found by Kirby efaZ (1953) in their 
subjects but are rather low, smee only 0 5 G produced a concentration of 
more than 1 pg per ml Griffith (1955) then made an attempt to find a 



ERYTHROMYCIN 


Cbnptor 1 

coating for crythromjcin ^vh^ch would bo effective in preserving the drug 
during ita passage through the stomach He used 3 different preparations 
and computed the average concentrations m the blood serum after a single 
dose of 0 3 G had been administered The preparations used and the con 
centrations obtained were as follows 

Aetnse pg per ml at hours after dose of 0 30 
rrtparalion of trydiTOmnein 1 2 4 S 8 

Stcamte with carboiras like 

coating OIS 0 34 0 2 0 8 0 04 

M ith enteric coating trace OOS 0 24 0 2 0 12 

With thin coating of cellulose 

acetate phthalate 02 004 034 013 006 

Even with the most satisfactory preparation, the last average levels did not 
at any time reach 1 pg per ml Simitar experiments earned out by Josselyn, 
Endicott, and Sylvester (1955) showed that only after a dose of 0 5 G of the 
stearate by mouth did average levels exceed 1 /ig per ml These levels ranged 
from 2 56 fig per ml at 2 hours down to 0 32 per ml at 6 hours when 
the suspension of the stearate or film coated base was used Hbth a dose of 

0 2 G , the same preparation produced average levels of 0 32 pg per ml 
2 hours and 0 04 ;tg per ml 6 hours after the dose was given Higher levels 
were obtamed but more slowly with the base coated by some special prepara 
tion w hich was not deaenbed It must, how ever, be remembered that repeated 
administration would bo likely to keep the blood levels closer to the higher 
concentrations than to those found C hours after a single dose 

Intratenou3 admimstratton 

Serum concentrations were studied by Maple, 0 Leary, and Kirby (1953) 
after doses of 0 25 G of erythromycin were given dissolved m 10 ml of a 
special diluent The solution was adroimstered to 23 adult patients as an 
infusion in at least 200 ml of a 6 per cent dextrose solution in physiological 
saline A dose of 0 5 G of the drug was given in 30 minutes to 12 patients and 

1 G of the drug in 6 hours to the remaining 11 In these 2 groups the blood 
concentrations of erythromycin were assayed by a method similar to that 
used in the tnals of oral administration The results were as follows 

No of ftg per ml at hows from etartxng xnfusim 

Dose cases ^ } 1 2 4 6 

£^34? arS3>ist£i?id>ii!r 13 3f> 7-30 3-10 1-3 04-3 03 1 

IG in 6 hours 11 1-5 1-5 1 10 1-5 2 10 

The higher dose infused over 6 hours did not appear to raise the blood levels 
above those obtained from the lower dose until the end of the 2nd hour, and 
the levels obtained then w ere comparable to those obtained by giving 0 5 G 
of the drug by mouth every 6 hours in tablets with an acid resistant coating 
Thus mtravenous administration was not found to be much better than oral 
admimstration except in the speed with which the first dose reached the 
blood stream Usmg a glucoheptonate salt of erythromycin, Griffith, John 
stone and Smith (1954) found tliey could produce much higher blood levels by 
injecting the drug quickly, that IS over 4 minutes About41jig perml were 
present m less than half an hour after mjection of 0 3 G , but this concentra 
tion dropped to less than 1 fig per ml during the following 6 hours IVfaen 
a higher dose was infused Geraci, Martm, Nichols, and Larson (1954) found 
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that continuous administration of 2 G over 24 hours produced a fairly 
steady level in the region of 3 4 to 4 4 /ig per ml In spite of the relatively 
high dose, all patients even a child of 3, to whom the salt u as admimstered, 
tolerated it well In Griffiths hands (1055) the glucoheptonate salt of cry 
thromycm also produced higher levels than the same dose given by mouth 
Even 0 3 G produced 2 5G pg per ml for 2 hours, but this fell to 0 32 fig 
per ml after 6 hours 

Intramuscular administratwn 

A special preparation of erythromj cm w-as made available for intramuscular 
use at the time that Griffith (1955) earned out his tnals This preparation 
was tolerated for several mjections, but later produced a dull ache at the site 
of mjection The blood levels were eventually comparable with those pro 
duced by intravenous injection, but at 2 hours after mjection the blood 
levels were only half as high as after a similar dose given intravenously 
Detectable concentrations persisted for 8 hours Davis and Romanskj (lOoo) 
obtamed more satisfactory levels inth this type of administration by using 
the diethyl carbonate salt of crythromj cm Usmg a method of assay similar 
to that employed bj Kirby tl al (10^) and a dose of only 0 1 G injected 
deeply into the muscles of the thigh, these workers found that the average 
levels reached 2 7 fig per ml m half an hour and fell steadily to about 
0 5 /Ag per ml by the Gth hour after mjection A successful climcal applies 
tion of this method of administration was carried out by J C Peele (1957) 
who used it for acute infections of the upper respiratory tract He concluded 
that shghtly more mjections of erytbrom^cm were required to bring about 
recovery than of 300 000 Units of procame pemcillm It w ould seem therefore 
that, if a suitable analgesic preparation could be made, intramuscular ad 
ministration should be suitable for treating cases m which it is not known at 
the beginning of treatment how susceptible to erythromycm the infecting 
orgamsm may be At the time of wnling however, the Council on Pharmacj 
and Chemistry of the United States (19o7) stated that mtramuscular admini 
stration was still only considered justihable for severe infections caused by 
j8 haemolytic streptococci, pneumococci and staphylococci m patients 
allergic to penicillin and whose infectmg orgamsms were sensitive to erj^hro 
mycm Even among this group it should be reserved for patients for whom 
mtravenous or oral medication was not feasible To avoid the infliction of 
pam and induration the dose should be limited to 100 mg or 2 ml of a solu 
tion contammg 50 mg per ml 

A comparison of the methods of administration was made by Grigsby, 
Johnson and Simmons (19o3) Erythromycin m some form was adiomistered 
to 64 patients m a smgle dose of 0 5 G by mouth, and to 15 patients in doses 
of 0 25 G mtravenouslj or 0 12 G mtramuscularly, either as a lactobionate 
salt or m propylene glycol In these trials parenteral administration pro 
duced decidedly higher blood concentrations than a much larger dose given 
by mouth The chnical results obtained with intravenous and intramuscular 
administration as used by Griffith (1955) appeared to favour the mtravenous 
route 11 out of 14 patients with susceptible infections recovered when given 
erythromycin intravenously, while only 9 out of 16 did so after mtramuscular 
adminis'ration Davis and Eomansky (1955) claimed that all 12 of their 
seriously ill patients with infections susc^tible to erythromycin responded to 
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intramuscular therapy In both senes, however, there were staphylococcal 
infections which did not respond to treatment No record is given of the 
results of oral administration 


Distribution in the body fluids nnd tissues 

Experimental work in rats showed that erjthromycm was not only ab- 
sorbed after oral administration but was found nithm 2 hours, m order of 
concentration, in the In er, submaxillary' glands, spleen, adrenals, lungs, and 
kidnejs Large amounts were also found in the thymus, skin, muscle, repro 
ductne organs, and the heart (Lee, Anderson, and Chen, 1953) It is of in 
tercst, although it is not without parallel, that while the serum level dropped 
fairly rapidlj concentrations m the tissues decreased much more slowly 
Detectable concentrations were found in the bram at a considerably later 
tune than in the other tissues examined These workers later noted that the 
high concentrations found m the liver wore reflected m the largo amounts 
excreted in the bile (1954) In man, when serum concentrations were only 
in the region of 0 5 fig per ml , as much as 183 fig per ml , w ere estimated 
to be present in bile collected by means of a T tube by Tokimura and 
Lopez Belio (1953) 

Assajs ha\© been made after oral admimslration of erythromycin of the 
le^cls of the drug m cerebrospinal, pleural, and ascitic fluid, m the thyroid 
gland, and in tho placenta Grigsb> et al (1953) and Heilman et dl (1952) 
found detectable concentrations m cerebrospinal and ascitic fluids of man 
up to 8 hours after oral admimstration but these concentrations were always 
low er than those found in the blood plasma The concentration m the cerebro 
spinal fluid was, however, dubious and did not appear to increase when the 
meninges were inflamed 

Urinarj excretion was relati\ely high, the concentration in the urme being 
about 120 times that of the plasma 8 hours after a dose of 0 2 Q had been 
given Takiniura, Lopez Belio, and Sher (1955) injected erjthromycm into 
sterile post pneumothorax effusions, and found that although assayable 
amounts were present in tlie serum for 3 days after the last dose, only about 
5 per cent of the total dose w as excreted m the same time Further assays of 
erjthrorajcin in serum and bronchial secretions were made by Lopez Belio, 
Takimura, Fornatto and HoIUnger (1957) With doses of 0 5 or 1 G given by 
mouth the concentrations m the serum reached their peak level before those 
in bronchial aspirates but th^ were maintained for a longer period m the 
latter A similar phenomenon was seen after intravenous administration 
After aerosol administration a reverse process was seen, higher levels were 
obtained first in the bronchial secretions but these fell off more rapidly than 
in the blood serum 

Erythromj cm was usually detected in the cord blood or placenta of preg 
nant women at term after several repeated doses of 0 2 to 0 8 G had been 
given (Heilman et al , 19 j 2, Kiefer, Rubm, McCoy, and Foltz, 1955) 

Brannick, Heilman, Nichols, and Martm (1955) measured the concentration 
of erj-throrayem in the thj roid glaod removed at operation and the con 
centration in the serum at the same time Detectable concentrations were 
found m both thyroid and serum 24 to 2f hours after the last dose had been 
given 
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Admintslratwn of erythromyctn in combtnalton imth oilier antibxolies 
In the hope of enhancing the activity of the antibiotic against a specific 
organism or of delaying the appearance of resistant strains, numbers of 
orkers have used a combmation of erythromycin with some other antibiotic 
There seems httle evidence from experiments tn titro that the first aim can 
be achieved agamst streptococci or staphylococci Jones and Fmland (1956, 
1957 d, e, and /) could find no evidence of synergic effect m the sera of sub 
jects admmistered erythromycm together with pemcilhn, chloramphenicol, 
tetracychne, oleandomj cm, or spiramycm Erythromj cm administered alone 
produced concentrations inhibitmg test organisms n hich ^ ere clearly superior 
to any combmation 

Complications of therapy 

Kaipamen and Fame (1954) found that guinea pigs and hamsters given 
doses of 33 mg of erythromycm per kg of weight by mouth or intrapen 
toneally began to die in 6 to 8 da 3 f 8 Apart from this, httle evidence of toxicity 
from the administration of erj'thromjcin has been encountered 

Haight and Finland (1952 a) treated 41 patients over 2 to 14 daj’S w ith 
erythromycm The majority of these received 0 1 to 2 5 G by mouth 3 
hourly after an initial dose of double this amount Only one case, with 
bactenal endocarditis, suffered from mtractable vomitmg after the dosige 
had been raised to 0 5 0 3 bourl> This patient died from endocarditis a feu 
days later The chmcal findmgs of Haight and Fmland thus confirm the 
experimental results of KIcGmre et ol (1952) Heilman et (1952) claimed 
that gastro mtestmal irritation was often expenenced when the dose was 
raised to over 0 4 to 0 5 G C hourly, but Grigsby et al (1953) encountered no 
evidence of toxicity m 38 patients treated bj mouth or intravenouslj ^nth 
doses rangmg from 01 to 0 4 G every 4 to C hours With mtramuscuhr 
mjections these workers observed some mduration of the soft tissues at the 
site of injection There are, however, few reports of chmcal trials m w hich not 
a smgle patient suffered from some gastro mtestmal upset 
The possibility that erythromycin might have been responsible for the pro 
duction of agranulocytosis was raised by Wooley and Saslaw (1955) This 
patient had had a breast abscess following dehvery of a child 3 weeks pre 
viously The leucocyte count rose to 19 C50 per cu mm , 86 per cent of the 
cells bemg neutrophils After mcisiou and dramage of the abscess triple 
Eulphonamide tablets containmg suipbadiazme, sulphamerazine, and sulpha 
methazme were administered until 12 2 G had been taken At the same time 
erythromycm was given to a total of 14 7 G Ten days later the patient 
complained of a sore throat her temperature rose to 105° F , and both her 
pharjTix and tonsils were seen to be covered with a greyish white jielhcle 
from which a Staph aureus was cultivated The white cell count had fallen 
to 950 per cu mm and no granulocytes were visible The jStapA aureus was 
eventually found to be resistant to pemcilhn, which the patient was then 
receivmg m doses of 1 000,000 Umts 3 hourly together with tetracj dine but 
it was sensitive to erj'thromycm Finally folio acid and streptomycin w ere 
given and the breast was agam mased and dramed The leucocj'te count then 
steadily rose neutrophils appeared m the blood within 3 daj's and reached 
normal numbers after 2 weeks It is of course, possible that the agranulo 
cytosis was due to erj'thromycm, but this is made unlikely by tlie fact tl at 
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the patient recei\cd a second coarse of erythromycin (0 5 G 4 times a day 
for a Meek) Mithout ill effects 

Tlie gastro-mtestinal upsets irhicb oiten foUon doses aboi e 0-4 G 6 hourly 
necessitate suspension of the drug before more serious complications can 
occur 

Other complications duo to the appearance of infections caused by organ 
isms resistant to erythromycin are deilt with m the section devoted to 
specific infections 

Clinical trials 

The results of a number of miscellaneous clinical trials Mere published 
betMcen 1952 and 1954 for cvamplc, those of Grigsbj et al (1953), Haight 
and Tinland (1952fl) Heilman et al (1952) Martin Nichols, and Geraci 
(1953), Schwarzer and EUenberg (1954) Shoemaker and Yow (1954), Tune 
vail and Hedemus (1934), and Solomon and Johnston (1955) From these 
studies it ivas clear that pneumonia and bronchitis, uhen due to the pneumo 
coccus or haemolj tic streptococcus responded m ell to the admimstration of 
erythromj cm as did streptococcal infections of the nose and throat, staphylo 
cocbal infections of the ahmentnrj canal erj'sipolas and septicaemia due to 
susceptible organisms mIuIc C dtphlkertac disappeared from the throats of 
carriers Cases of unnarj tract infection and empjema also responded when 
tho organisms involved Mere susceptible to crj^hromycin but agam the 
outcome in staphylococcal infections wasuncertain Menmgitia did not always 
respond satisfactonlj , although 1 case due to staphylococcal infection was 
adequately treated by Herrell, Nichols and Martin (1953) A case of menm 
gitis due to pneumococcal infection did not recover until pemciUin was 
admmistered possiblj because of the uncertainty of the passage of erjdhro 
mjcm into the cerebrospinal fluid (Gngsby et al 1953) There Mere some 
bacterial infections uhere response was particularly uncertain, irrespective 
of the route of administration or the dose up to 0 4 G C hourly for instance 
otitis media due to Alkahgcnes Jaecahs gonorrhoea, and bacterial endo 
carditis It is doubtful m hethcr recoi eiy from bacterial endocarditis depended 
only on whether the infecting organism Mas imtially susceptible to erythro 
mycin or not Haight and Finland (19o2 o) had no success in 2 cases infected 
mth staphylococci in both of these resistance to erythromjcin developed 
Similarlj in the cases of Shoemaker and Yow (1954), staphylococcal infections 
did not improve under treatment Heilman ti al (1952), however, claimed 
a recovery Mithout relapse in I case of endocarditis caused hy Sir ealivanus 
In 2 other cases due to streptococci the blood stream Mas not cleared of 
orgamsms, and in one of these due to mitts, considerable resistance to 
erj thromycm developed 

In treating children SchMarzer and EUenberg (1954) used a povdered 
form of the drug mixed ivith ice cream or apple sauce, or administered the 
antibiotic in tablets coated mth an acid resistant substance A dose of 
12 5 to 25 mg per kg of body weight Mas given daily to children mIio were 
able to swallow the tablets, and 60 mg per kg of body m eight to infants 
The results obtained Mere similar to those already quoted Pneumococcal 
pneumoma and acute bronchitis responded well the temperature fell to 
normal in 1 to3 dajs Pneumonia due to HacwopAtlus xnfiucnzac, on the other 
band, was more variable in its response Similar results n ere seen in bacterial 
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infections of the upper respiratory tract and in otitis media, hut, again, a 
case of bactenal endocarditis due to a staphjlococcus was not improved hy 
administration of the antibiotic. 

Conclusion 

From the figures quoted above it seems reasonable that a dose of 0 3 G. of 
erythromycm stearate m a thin entenc coat of cellulose phthalate should, 
when repeated G hourly, mamtam high enough levels m the blood to inhibit 
organisms susceptible to less than 1 ftg per m! tn ttlro Undoubtedly m the 
mdividual case, the dose should be rai'«^, even at the cost of producing gastro- 
mtestmal sjTnptoms, if there is any doubt about the susceptibihty of the 
organism concerned Intravenous infusion should be reserved for patients 
who are either m coma or very seriously ill Doses of 1 to 2 G per 24 hours 
should he sufficient until the patients are well enough to accept oral admini- 
stration Intramuscular administration should be avoided whenever po^ible 
until such tune as a preparation is available which induces less pain than do 
present ones 


THE TREATMENT OF DISEASES DUE TO SPECIFIC 
OPvGANISMS 


Staphylococcal Infections 

Smce the incidence of staph} lococcal mfections resistant to pemcillm and 
other antibiotics has been increasing, these infections have constituted the 
m jiTn field for therapeutic tnab with erythromycin Even m the earliest 
tnals (Haight and Finland, 1032 a and Heilman el al , 1032} there was 
evidence not only that resistance was induced in utro m staphylococci bj 
erythrom}cm, but that orgamsms in closed lesions, for example m bacterial 
endocarditis, also became resistant to the drug 

Vanous tnala have been made of the sensilintj of staphylococci to ery- 
thromycm tn titro and these all indicated that organisms inhibited by 
1 0 fig per ml or less were widely distributed Among the vanous iiorkers 
who tested strains of staph} lococci were the following* 


iJe/erence 

No of «fra%n9 
leafed 

Sentitivilif in t-ifro 
(/17 per ml) 

^rero?« 

FusQlo, Noyes, Fulaaki, and Tom (1953) 

Grigsby, Chappelle, and Peacock (1955) 

109 

/95 
14S( 38 

0 05-0 4 

0 078-4) 625 

1 S;>-2 5 


Haight and Finland { 1952 a) 

U5 

614 

5 0-20 or more 

0 01 1 56 

0 30 

Heilman c< at (1952) 

30* 

0 3-2 0 

04 

Hobson (1954) 

213 

0 25-0 5 


Kutscher «l at (1954) 

30 

‘%er> sensitive' 


McGuire et at (1932) 

3 

04-08 


Powell el at (19o3) 

4 

0 39-0 78 


Thomson, Rountree, and Freeman (1956) 

26 

0 15-1 25 


Tunetall and Hedemos (1954) 

127 

< 0 04-5 0 



• Of 120 strama later stodied b> Needham and Xiehola (1953), none was found 
naturally resistant to erythromycin 

When, however, these staph}lococci were exposed to increasmg concentra- 
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tions of erj'thromj ein all %\orkers concurred that resistance developed 
Fusillo et al (1953) observed a 125 to 500 fold increase in resistance m a very 
sensitive staplijlccoccus submitted to 10 subcultures Similarly resistance 
developed rapidlj in the 14 strains studied by Hobson (1954) and the 25 
tested bj Gngsbj et al (1955) Haight and Finland (19o2 c) threw some hght 
on this plienomenon by shomng that variants until high resistance although 
not found in small ^olumes of cultures uhen first exposed to erythromycin 
soon appeared in suhcultures containing gradually increasing concentrations 
of the antibiotic In spite of showing no noticeable change in colonial 
morphological and most biochemical character the resistant strains of 
Slaph flHrcua lost their nhiht} to produce coagulase In addition to confirm 
ing these observations Hobson (1954) also noted that resistant strains were 
not limited to anj particular phage t>pe It was thus clear that climcal trials 
of the drug would have to be npproachcil uath considerable caution Although 
an occasional case of staphjlocoeeal infection had been treated in series of 
miscellaneous infections Hcrrell Nichols and Martin (1953) were the first 
to study a uhole senes of infections due to the staphjlococcus alone Erythro 
mjem uas given to 54 separate patients with staphylococcal mfections resis 
tant to pcmcilhn chlortetracjchnc and ovvtctracyclme The dose given was 
0 3 to 04G administered bj mouth 6 hourly Although results uero 
excellent m some cases thej were unsatisfactory m others This might have 
been ascribed to the method of administering the drug and the uncertainty 
that blood levels were above those required to inhibit the organisms On the 
other hand the development of resistance was also a possible source of 
failure In suromarj tlic results were as follows 


Cond 1 on treated 

Ao o / cases 

Jiesult of treat nent 

Septicaemia 

8 

Favourable response in 6 

Skeletal or soft tissue infection 

17 

8 

Ileocolitis 

14 

U 

Stool cawiere 

S 

5 

31 sccllanoous for example mcning tis 
urinaiy infections respiratory infect ona 

10 

10 


The uncertainty of the response was exemplified in the cases of septicaemia 
Favourable responses were obtained in the following cases infection of the 
elbow with surrounding cellulitis (I) the mastoid after mastoidectomy (1) 
the prostate after transurethral prostatectomy (2 1 after a second course of 
erythromycin) and the skin following bullous dermatitis (1) Of the 2 
patients who did not recover 1 suffered from septicaemia following a trans 
urethral operation for carcinoma of the bladder and the other had bacterial 
endocarditis In both of these cases the staphylococci became resistant to 
erythromycin It is however cunous that m a patient who was first treated 
with erythromycin for septicaemia after catheterization of the bladder and 
again w hen septicaemia followed a transurethral prostatectomy the orgaiusms 
did not become resistant to the drug The most interesting result was the 
unfading response in cases with ileocohtis and m gastro intestinal earners of 
staphyloeocci Although tlie ileocohtis in most of these cases was a sequel to 
chlortetracycUne or oxytetracycline therapy and th^ condition is known to 
clear up spontaneously after discontmuance of the exciting drug the dis 
appearance of staphylococci from the faec^ of earners following erythro 
mycm treatment la not so readily explamed Moreover serious cases of 
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ileocolitis do occur when it is impracticable to leave the patient to recover 
from his infection without treatment In 14 such cases erythromycin ^tas of 
benefit (Herrell, Nichols, and Hlartm, 1953) Response to this condition, 
however, was not invariable Frame and Short (1955) described a case of 
staphylococcal enteritis induced by an operation for a ruptured appendix 
and tetracycline The staphylococci related from this patient’s faeces and 
throat \vere identical and sensitive to erj'thromycin, yet the giving of this 
antibiotic in doses of 0 4 G 6 hourly together with supportive measures had 
no efi’ect on the course of the disease, which ended m death At autopsy 
a staphylococcus was isolated from the intestinal contents which was still 
sensitive to 0 3125 pg per ml of erythromycin although highly resistant to 
the tetracycline used m the test and relatively so to other antibiotics Other 
instances where erythromycm was not invanably effective m bringmg about 
recovery were 1 case among 3 treated by mtramuscular injection by Pelner 
and Puderbach (195G) and another among 6 all of whom were gravely ill 
before receiving erythromycm (Thaysen, Enhsen, Knudsen, and Neul^ch 
(1956) 

Investigations by Kirby, Forland, and Maple (1953) on the use of erj’thro 
mycm in infections resistant to penicilhn produced results similar to those 
obtained by HerreU et al (1953) In some cases sv bich u ere treated by simgery 
at the same time, for example, osteomyelitis and soft tissue mieeUoTis, 
healing took place in 2 weeks, but ui others, for example a patient with 
staphylococcal pneumonia, and another intb osteomyelitis, erythromycm 
had no effect In yet another case the organisms became resistant to the 
drug after 2 months’ therapy Whether the principal cause of failure m those 
cases which did not respond to erythromycm was the acquired resistance of 
the staphylococci or the failure of the antibiotic to gam access to the lesions 
must remain m doubt 

Another senes of 20 patients with staphylococcal infections requumg 
surgery were studied by Pulaski and WesolonsLi (1054) All these received 
erythromycm and, provided prolonged treatment was not required, the 
results were good For instance, of the 2 recalcitrant cases m 12 with soft- 
tissue infections, 1 had chronic furunculosis of the buttocks, for which 
erythromycm was administered for 1 month At the end of this time the 
staphylococci vere resistant to tbe antibiotic The second case vas one of 
pustular acne for which, again, treatment was hkely to have been prolonged 
In 8 staphylococcal bone infections erythromjxm appeared to have cleared 
up the infection m 6 cases, although these had previously been subjected to 
surgery Of the 3 cases m which the infection did not clear up, 2 had followed 
fenestration operations in which some dead bone had presumably been left 
behmd m the area of operation, and the 3rd case had a chrome osteomjehtis 
of the tibia with smus formation To those who have worked inth penicilhn 
it 13 common knowledge that it is impossible to clear up an mfection where 
some dead tissue remains With erythromycm the same should be true, with 
tbe added difficulty that prolonged treatment is likely to mduce resistance 
m the infectmg organism A sinular circumstance may also explain why 
a case with an empyema improved but did not cease to dram, staphylococci 
persistmg m the dramage fimd However, a satisfactory response was 
obtamed with septicaemia followmg a generalized dermatitis, and in another 
where pencholangitis followed cholecystectomy and dramage of the common 
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bile duct by means of a T-tube Both of tlicse conditions vere presumably 
acute and u ere treated at an earlj stage before any irre\ ersible damage had 
been done to the tissues invoU ed The same might apply to a case of staphylo* 
coccal gastro enteritis which had faded to respond to pemcdlin, chlortetra- 
cyclme, oxytetracj dine, or streptomj cm The pure culture of Staph aureus 
obtained from the stool n as resistant to all of these antibiotics but sensitire 
to erj'thromj cm With this drug tlie infection quickly responded and the 
patient n as taking a regular diet on the 4th daj of treatment, cultures of the 
stools showing a return of cohform flora 

An interesting result of the use of erjdhromj cm in a maternity unit in 
Edinburgh was reported by Forfar, MacCabe, Balf, Wright, and Gould (1955) 
In this hospital all chnical infections in the newborn were treated with this 
antibiotic by mouth, 20 rag per lb of body weight being given daily m 
C hourly doses for an average of 4 days, although some cases received treat- 
ment for as long as 9 daj’s In another maternity hospital all similar infec 
tions wore treated with erythromycin togetlicr with streptomycin injected 
in a dose of 0 125 G daily These routine treatments were continued over 
a period of 9 months By the end of that lime m the first unit, where the 
babies had received erj tliromj cm for any cliracal mfections believed to be 
staphjlococcal, 114 swabbmgs from 140 different cases revealed anmcidence 
of 74 per cent with coagulase positive Staph aureus, and 18 per cent with 
other staphylococci In the second unit the proportionate incidence of 
coagulase positive and other staphylococci was much the same as m the first 
group All the strains of staphylococci m the first unit were inhibited by 
050 ofcrythromjcinperml The relatively minor mfections treated m both 
units responded satisfactorily, except for 9 cases of conjunctivitis, jet no 
strains resistant to erythromycin emerged It is possible that local mstilla 
tions might have had a better elTcct on the cases mth conjunctivitis as it is 
not knoivn whether crythromjem is excreted m the tears Jloroover, con 
tmual reinfection from the conjunctival sac may have counteracted the anti 
bacterial action of the antibiotic m the substance of the conjunctiva In 
these early and superficial lesions — pustules, local cellulitis, or paronychia, 
infections of the umbilical stump or conjunctintis — the failure of resistant 
strains to emerge was explained by the workers as due to the restricted use 
of erythromycin , only babies who showed some clinical evidence of infection 
were treated The short time needed for treatment, an average of 4 days, may 
also have had something to do >vith the absence of resistant strams, but even 
this explanation cannot always hold good Fullerton and Smith (1956, 1957) 
described 2 cases of staphjlococcal septicaemia accompanying pneumoma m 
which serial tests revealed the emergence of resistance m organisms ivithin 
as bttle as 6 days m one and in less than 3 weeks of erythromycin treatment 
m the other How senous the problem of resistance may be was described by 
Lepper, Moulton, Dowbng, Jackson, and Kofman (1953 c) In one contagious 
diseases hospital, except for chlortetracycime erythromycin was the only 
antibiotic used for a period of 5 months m all wards containmg patients with 
pertussis or suspected coccal infections Before this routine was mtroduced 
no strain of staphylococcus isolated from nose or throat cultures had required 
more tlian 0 98 pg of erythromycin per ml for inhibition During the 
follow mg 5 months a progressively increasmg percentage of staphylococci 
were found m nose and throat cnltuies of patients and staff whicli were only 
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inhibited by 100 ng per ml or more Eventually 75 per cent of all staphylo- 
cocci isolated required 100 ;ig per ml for inhibition Once erythromycin was 
■withdrawn from use the proportion of resistant strains dimimshed until not 
more than 29 per cent were isolated 4 months later Staphylococci which 
bad an intermediate degree of resistance had bj then almost completelj 
disappeared A second mvestigalion earned out at the same hospital revealed 
that the prophylactic use of erythromyem for preventmg the appearance of 
staphylococci m the trachea of trachcotomized patients sufFenng from 
poliomyelitis had been effective m over three quarters of the patients, but 
after 3 months’ use of the antibiotic less than half of these patients could be 
protected in this way Contrary to the findings in this epidemiological study 
was the report of Schneierson (1955) of the incidence of strams of staphyJo 
cocci sensitive to erythromycin in 1953 and in 1954 at Mount Smai Hospital, 
New York In 1953 erythromycin was not wadelj used, but by 1954 it was 
generally available m the hospital In 1953, of 1,164 strains isolated from 
various pathological sources, 93 6 per cent were sensitive to erythromjem, 
andml954, of 299 strams similarly isolated 90 6 per cent were still sensitive 
This small increase m resistant strains may be regarded as a tribute to the 
restraint with which the antibiotic was employed in this hospital It must be 
remembered, however, that only strains oblamed on primary isolation were 
included , there is no record of the mcidence of those which became resistant 
under treatment Another attempt to discover whether orgamsms initially 
sensitive to erythromyem became resistant under treatment was made by 
Clapper, Seerest, and January (1957) One hundred and fifty patients suffer- 
ing mainly from upper respiratory tract mfcctions were given short courses of 
treatment lasting between 4 and 12 days Before treatment began and at a 
later date cultures were made of throat swabs and discharges A very shglitly 
greater proportion of bacteria, mcloding5/r ttrulan^, Haemophilus tnfliitiizae, 
and staphylococci, were found to be resistant at the end of treatment than 
were so before it began If indeed resistance to erythromj cm, as described 
by Lepper et al (1953-4), is due in part to the development of resistance in the 
original uifectmg strains, it w ould seem feasible to attempt some combination 
of therapy so as to prevent it With this end m "view Coleman, Gunnison, and 
Jawetz (1953) found that, among other bacteria, Siaph aureus was stronglj 
inhibited by simultaneons exposure to erythromyem and pemcillm or 
streptomycm the antibiotics usually showed some additive action and when 
given together reduced the frequency ivitfi w hich orgamsms became resistant 
This, however, was not the case when erythromyem was added to chlor- 
amphemcol, chlortetracyclme, or oiytetracyclme These conclusions were 
not fully supported by Benigno, Berti, and Cima (1954) or by Manten (1954) 
The findmgs reported by these workers were neither m full agreement with 
those of Coleman ct <j 1 (1953) nor with one another The explanation possibly 
hes m differences m expeninenfal methods, for instance, differences in the 
size of the moculum used Future experience will no doubt show whether or 
not this combmation therapy inhibits the appearance of resistant strains 
That contmued treatment is not alone responsible can be inferred from the 
high carrier rate foimd m the staff as well as patients by Lepper el al (1953-4) 
after extensive use of erythromyem Further evidence of the passage of a 
single resistant stram from one patient to another irrespective of treatment 
was provided bj MacCabe and Gould (1956) who so traced it by means of 
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bacteriophage tjping At the present moment it would seem that erythro- 
mycin should be strictly limited to accessible lesions irhich are resistant to 
other antibiotics 

Streptococcal infections 

In the mam, streptococci haie been found to be particularly susceptible 
to erj'thromycin, especially ^ haemolytic streptococci One would expect 
therefore that streptococcal infections would respond well to er 3 rthromycin 
therapy Streptococcal infections of the respiratory tract, of burns, of other 
soft tissues, and those associated with scarlet fever have been studied Haight, 
Zicgra, and Kahn (1954) studied the effect of erythromycin in 114 patients 
Avith respiratory infections, presumed to be streptococcal in origin The effect 
of therapy was assessed by the chnical state of the patient, the presence and 
subsequent disappearance of Group A streptococci, and the formation of anti 
6 treptol 5 'sm 0 Erj'thromicin was given to patients m a daily dosage of 
08G for periods of 3, 5, or 7 daj 3 ThesoSpenodsweregiventothepatientsm 
rotation m order of admission The immediate effect of each type of therapy 
seems to have been much the same the temperature and leucocyte counts 
fell, and the duration of the illness was reduced There was also a marked 
decline during treatment m the number of cultures positive for Group A 
streptococci, but the number of positive cultures again rose after treatment 
had ceased on the 3rd or 5th daj and increased steadily until 75 per cent of all 
cultures were positive by the 2l8t day after therapy Patients who received 
eiythromycin for 7 da>s were nearly all nd of their streptococci during treat- 
ment, but 13 per cent of them again showed positive cultures by the 21st day 
after therapy The formation of antistreptolysin 0 was suppressed by the 
early admuustration of the antibiotic, and this suppression was greatest m 
the patients whorecen ed treatment for the longest time With a daily dosage 
of 0 8 G of erythromycin, gastro intestinal reactions were few and mild, and 
therapy did not have to be discontinued It was therefore considered advisable 
to employ a higher dose, and to contmue it for at least as long as the longest 
period for which the drug was given m this study 

Streptococcal tn/ecUoTis tn Itums These were studied by Lowbuiy and 
Cason (1954) The doses of erythromyem given were relatively low 0 G G 
daily for patients over 0 years and 0 4 G for those less than 6 years, usually 
for 6 days The results w ere compared with those in another group of patients 
who were treated alternately with chlortetracycline or wnth erythromycin 
Str pyogenes was found m swabs of the burned surfaces m 4 out of 17 of 24 
cases of burns within the first 3 dajs of treatment Later than this, or at the 
end of treatment, no streptococci could be cultured from any of the bums 
(The findings were similar for chlortetracjchne ) Reappearance of strepto- 
cocci after treatment ceased did, however, occur in three cases Apart from 
these cases, 7 others who were infected with chlortetracycline resistant 
strains of streptococci were treated In all 7 the Str pyogenes disappeared 
from the lesions Regular swabbing of burned surfaces enabled these workers 
to recogmze the presence of pathc^ens before their presence was clinically 
manifest However, their figures tended to show that, even with antibacterial 
therapy, grafting was not as effective when Sir pyogenes was present as 
w hen it was absent 

So/i tissue infections Three patients with acute streptococcal infections, 
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starting from foci in one of the extremities and involrmg lymphangitis and 
l 3 Tnphademtis, were given erythromycin by Pulaski and Wesolowslu (1954) 
All responded well to erythromycm, and treatment was diacontmued after 
6 to 9 days Three other acute infections due to Str pyogenes were treated by 
Heilman et al (1952) and all recovered uneventfully The experience of 
Romansky, Nasou, Davis and Ritts (1957) with 5 patients suffermg from 
streptococcal infections was encouragmg Those with pharyngitis due to 
group A P haemolytic streptococci even when accompamed by bacteremia, 
recovered Tno patients ivith bacterial endocarditis, however, were not so 
successfully treated One with an mfection caused by a ^ haemolytic strepto 
coccus died from congemtal heart fauure without any evidence of infection at 
death the other infected with a Sir /aecalts did not respond to treatment till 
pemciUm and streptomycm were substituted for erythromycm 

Streptococcal infections tn scartei fever Haight (1954) investigated the effect 
of erythromycm on 208 patients suffermg from scarlet fever These patients 
were divided into those receiving pemciUm, those receivmg erythromycm 
and those given only a placebo The results were assessed m terms of the 
duration of the fever, leucocytosis, and rash, and of the presence or dis 
appearance of Group A haemolytic streptococci m throat cultures There u as 
little to choose between the effect of penicillin and of erythromycm but there 
nas a considerable difference betneen the effects of the antibiotics and those 
produced by the placebo The formation of antistreptolysm 0 was largely 
suppressed by the antibiotics compared with that in patients receiving the 
placebo and suppurative complications of the disease were prevented by the 
antibiotics There uere however some disadvantages m the antibiotic 
therapy rashes and urticaria accompamed the admimstration of pemcillin 
m a good proportion of cases and gastro intestinal disturbances appeared in a 
few of the patients receiving eiythromycm 

Prophylaxis of streptococcal infections 

In an attempt to see whether erythromycm might prevent the super 
vention of streptococcal infections in children predisposed to upper respira 
tory tract infections, Tidwell and Lewis (1957) prescribed erythromjem 
stearate 100 to 125 mg as a syrup or tabfet once daily to a group of children 
from the latter part of 1953 until June 1955 Whenever a cold developed the 
parents were mstructed to quadruple the dose These children whonumbered 
48 by the ectd -jf the iafvstigstioti lepOfriedstmaathlyiaterrsls thmsS 

cultures were taken Durmgthe tune of study ^ haemolytic streptococci were 
isolated 8 times only (imtial cultures had shown them to be present m 3 cases) 
The fear that regular administration of erythromycm might mduce resistance 
m any staphylococci present in the throat led these investigators to compare 
the sensitivitj of those isolated dunng the Ist and 2iid years Though fewer 
strains w ere sensitive to erythromycm in the second year, the difference was 
BO shght as not to have significance Nevertheless this may have been the 
first sign of a trend w hich could become more serious as tune progressed 

Pneumococcal infections 

In most patients with pneumonia treated by erythromycm the disease was 
pneumococcal m ongm The pneumococcus is particularly sensitive to 
erythromycm and it wag therefore expected that the results would be good 
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The effect of erj'thromycin as compared with that of pemcillm by Austrian 
and Rosenblum (1953) in 50 patients with pneumonia from whom a pneumo 
coccus had been isolated and in -nhom the radiological pictures showed that 
the pneumonia was lobar in its distribution Twenty four of these patients 
received erythromycin in doses of 0 4 G 6 hourly and 20 received pemcillm 
in doses of 300 000 Units every 12 hours by intramuscular injection There 
was little difference m the results from the two types of therapy, clinical 
recovery of the survivors took much the same time m each group and com 
plications occurred with equal frequency Two deaths occurred in the 
erythromycin group and 1 in the pcmcillin group, but one of the patients who 
died in the erythromycin group was an octogenarian and a diabetic The only 
Bide effect noted was I case of drug fever in the erythromycm group It 
must be remembered in considering these results that they were also a com 
panson between two different routes of administration The vanabihty of 
the absorption of preparations of erythromycin given by mouth is not 
necessarily greater than the vanabihty of the absorption of newer prepara 
tions of penicillin given by mouth (for example, phenosymethylpemciUin) , 
but there is no doubt that the higher blood levels produced by mtramuscular 
mjection of penicillin did not materiallv improve the results This is under 
standably so, for the extreme sensitivity of the pneumococcus to either 
antibiotic ensures that antibacterial concentrations %vill be achieved in the 
blood at least after each occasion that ono or other is admimstered Austrian 
and Rosenblum (1933) drew attention to the production of strains resistant to 
erythromycm in utro although no report of clinical failure due to this cause 
has yet appeared Drug resistance should however, be suspected in any case 
where thoresults of treatment ^vilh erythromycin arenot entirely satisfactory 
A less satisfactory assessment of the value of erythromycm in pneumo 
coecal pneumonia was made by Bunn and Cook (J953) Even though only 12 
cases were treated with doses similar to those given by Austrian and Rosen 
blum (1953), i e I 2 to 2 G daily for 1 to 12 days, only 5 patients had an 
uninterrupted recovery In 4 resolution was delay ed for over 3 weeks, another 
failed to respond to treatment until pciucillin was given, and the remaming 

2 died These unsatisfactory results led Bunn and Cook (1953) to conclude 
that erythromycin should not be used m the treatment of pneumococcal 
pneumonia Survival from this serious disease depends on gaining proper 
access to the pneumococci within the alveolar walls Here as elsewhere they 
are often embedded in masses of fibnn so that recovery is afw ays probfemati 
cal In 7 cases treated by Komansky et at (1957) 5 died within the short time 
of 30 hours from the begmnmg of treatment 

Diphtheria and carriers of C diphihenae 

Smee C diphlhenae is the most sensitive of organisms to erythromycm 
diphtheria should be expected to respond to therapy An early report by 
Haight and Finland (1952 o) claimed that C diphthertae could be elimmated 
from carriers by moderate doses of erythromycm Blute (1954) treated 

3 cases and 1 carrier with erythromycm and ehrainated C dipJUkertae in all 

4 after 24 hours treatment Further evidence that erythromycm could 
ehminate this organism from the throat was given by Blake (1954) who quoted 
3 patients, 1 of whom showed evidence of having had diphtheria due to a 
virulent mitis strain In spite of parenteral and local administration of 
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pemciUm, and later removal of the tonsils, the organism persisted m the nose 
and throat After more than 3 months as a persistent earner of C diphtJienae 
the patient vas given 0 3 G of eiythromycm 6 hourly for 10 days Swabs 
were negative in 48 hours and did not become positive again during the 
following month while the patient was under supervision Two children 
found to be cairymg C dipldkenae dormg the course of a routme examination 
were also nd of the orgamsms within 3 days of be ginnin g erythromycin 
treatment Forbes (1954) was able to demonstrate the disappearance of 
C diphihenae, m 14 cases m which infection had persisted after 2 separate 
periods of treatment with peiuciUm Erythromycin was administered for 
5 days and cultures taken from the throat 4 dajs after treatment had ceased 
No virulent organisms were then cultured These records demonstrate the 
abdity of erythromycin to eradicate C dtpklhertae from the throat They do 
not give any indication of the therapeutic value of the drug dunng the active 
phase of the disease An attempt to assess this w as made by Beach, Gamble, 
Zemp, and Jenkins (1955) These workers tried out the antibiotic on 43 
young patients and 5 carriers To these erythromycin was given as the ethjl 
carbonate, admimstered in amounts of 25 to 50 mg per kg of bodj weight 
per day divided mto 4 to 6 hourly doses To 10 of these patients 20,000 to 
40,000 Umts of antitoxin also were given intramuscularly These workers 
concluded that C diphlhtrtae was eradicated from the nose and throat of all 
48 subjects m an average of 2 days m cases with active disease and m 3 days 
m earners It was claimed that the antitoxin was necessary to control the 
manifestations of the disease The abiLty of erytbTomycin to control an 
epidemic iras demonstrated by Wood and O Gorman (1957) and Wood and 
Hemphill (1957) in both a boarding school and a hospital for mentally 
deficient inmates where 58 and 34 earners were discovered in each institution 
following attacks of mild tonsillitis and death from acute respiratory obstruc* 
tion respectively Isolation of earners and 10 days’ treatment with 200 mg 
erythromycin 6 hourly to children, 300 mg 6 hourly to adults, together with 
disinfection of blankets and beddmg of all earners, served to wipe out the 
epidemic withm 8 weeks During the subsequent 7 months 1 only of the 
treated earners agam had a positive swab The effect of erjrthromycm thus 
seems to be similar to that produced by pemcillm by which C dipktlienm 
was eradicated from the nasopharjTix in 76 per cent of patients in 3 to 5 dajrs 
Nevertheless it is valuable to have a second Ime of defence for those patients 
m whom the organisms are not eliminated by pemciUm 


Whooping cough (Pertussis) 

Smee K periussia had been shown to be highly susceptible to erythromv cm 
tn lAlro (see Table 1) chmeal trials of its eflBcacy agamst whooping cough w ere 
made Brem and Kabilmg (1955), between June 1933 and January 1954, 
tested the drug m 27 children of 6 mouths to 7 years of age Tlie children 
were given 4 doses a day amountmg to 50 mg per kg of body weight and the 
treatment was contmued over 4 to 21 dajs The preparation was tolerated 
well by the children and even when vomitmg occurred soon after a dose had 
been given it could qmte readily be given agam Brem and Kabding could 
see httle change m the climcal course of whoopmg cough as a result of this 
treatment, and m 1 child H pertussis was isolated from a nasopharyngeal 
swab even on the 5th daj of treatment It should be pomted out, however. 
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that there were no controls in this senes No deaths occurred but in the case 
where the disease was most dangerous, a baby of 5 months, human hyper 
immune pertussis senim was also gi\en Quite a different conclusion was 
reached by Jlitolo (1955) who treated 18 patients of similar age at the Um 
aersita Paediatric CUnic, Genoa Although the drug was given in a lower 
dose, 30 to 40 mg per kg of body weight per 24 hours over 10 to 12 days or 
as an aerosol contaimng 100 mg twice a day, Mitolo considered that the 
effect of the treatment was goc^ and without side effects Recovery took 
place m 10 to 20 daj s As in the previous report there seems little justification 
for this conclusion either 


Venereal diseases 
Gonorrhoea 

The concentrations found to inhibit the gonococcus tn iitro were low (see 
Table I), and clinical trials were consequently begun by Gable, Romansky, 
and Taggart (1953) These workers found that 1 1 strains of Neisserta gonor 
thoeat tested »« ittro were inhibited by aa little as 0 1 to 0 4 gg per ml of 
erythromjcin It was also found that 96 per cent of the patients treated by 
these w orkers w ith 2 G of erythromycin mouth either m 1 or in divided 
doses, recovered from their infection Power recovered on lower doses 
Following these satisfactory results Alexander and Scboch (1954) treated 
10 males suffering from acute anterior gonococcal urethritis with lower doses 
of erj thromj cm ranging from 0 5 G for 2 doses to02G 4 times in the day 
for 6 daj s These workers saw no improvement in any of their patients Again 
Manning, Jones, and Bighani (1954) treated 02 men with acute gonococcal 
urethritis with 0 5 G of erythromycin C hourly for 1 or 2 days Although the 
results w ere not quite so successful as those of Gable et al (1953) 56 (90 per 
cent ) of the patients recovered the single day s treatment bemg at least as 
effective as that given for 2 dajs In an attempt to reduce the dose of 
crythromj cm Slarraell, Shidlovsky, and Pngot (1955) gave a triple sulphon 
amide together with theantibiotjc Nevertheless it was not until thegradualJy 
mcreasing dose of erythromycin had reached a total of 2 G and the dose of 
the triple sulphonamides had been reduced to 3 G that the highest proportion 
of recoa enes was recorded 

Finally a comparison was made between the effects of erythromycin, 
oxj’letracyclme, and tetracycline in gonorrhoeal urethritis by David (1955) 
The antibiotics were administered as follows 

Erythromycin — enteric coated tablets given in divided doses amounting 
to 3 G 

Oxytetracychne — m capsules or tablets also m divided doses amountmg 
to3G 

Tetracj cime — 1 5 to 4 G in tablets or capsules given 4 times a day 


The results m terms of immediate recovery and gastro intestinal reactions 


re set down below 



Reeoiered 

Percentage with gastro 

Anhbxotte No 

Irealed 

No 

Ptreentage 

intestinal reactions 

Erythroinycin 

54 

35 

€o 

67 (the majority mild) 

Oxytetracycline 

11 

10 

00 

45 

Tetracycline 

89 

87 

96 

35 9 
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These results, although possibly from not giving erythromycin m the ideal 
way, yet mdicate that it is not so safe or sure a method of treatment as that 
with tetracyelme 

The effect of erythromycin was tned on women by Rubin, Somerson, 
Smith, and Morton (1954) who had observed that, although pemcilhn treat 
ment usually cleared the gonococcus from the lower genital tract, some of the 
patients subsequently developed chronic pelvic inflammatory disease More 
over, the isolation of pleuro pneumonia like organisms from the loner gemto 
urmarj tract became less frequent as gonorrhoea or other pelvic inflammation 
was cleared up These workers treated 24 ambulatory negro women suffermg 
from gonococcal infection, the nature of which had been confirmed by the 
isolation of the gonococcus from the cervix, with doses of 0 3 G 4 times a day 
uutil a total of 3 6 G had been given Following treatment, cervical cultures 
taken at weekly mtervals for 3 successive weeks showed that the gonococcus 
had disappeared m 22 of the subjects The acid clmical test of an antibiotic 
IS m its effect on bacterial endocarditis On p 29 can be seen the chart of o 
patient -with acute gonococcal endocarditis who recovered on treatment with 
erythromycin alone One can infer, therefore, that gonorrhoea will jield to 
erythromycin once a suitable dosage scheme is found 

In view of the frequency of gastro intestinal BjTnptoms m these tnals it 
wonld seem advisable to confine the administration of erythromycin to those 
cases where other chemotherapy has been unsuccessful 

SypMts 

In 1953 Keller and Morton tested the susceptibility to erj'thromj cm of 3 
strains of cultivable treponemes These were the Kazan, Nichols, and Reiter 
strains The sensitivity of these strains was assessed against that of the 
streptococcus C 203 The streptococcus was inhibited by between 0 05 and 
0 1 pg per ml but the treponemes were inhibited by 0 01 to 0 05 pg per ml 
These organisms were thus more sensitive to erythromycin than was the 
streptococcus, but they were less sensitive to erythromyciu than to penicillin 
This evidence of the responsiveness of cultivable treponemes to erythromy cm 
led to clinical tnals of the antibiotic in syphihs Four cases of early syphilis 
were treated by Alexander and Schoch (1954) These were given 0 2 G of 
erythromycm in capsules 4 times a day for 8 days Three of the patients 
became darkfield negative in 24 hours and 1 m 30 hours The lesions, primary 
and secondary, healed promptly, but it was too early to make any statement 
about the effect of treatment on serological tests 

Granuloma inguinale 

This venereal disease was first treated with erythromycin by Robinson and 
Cohen (1953) Nine patients who all bad chmeal evidence of the disease and 
in whom Donovan bodies were found m marginal scrapings, were given vary 
mg doses of erythromycm from DIG to03G 6 hourly Irrespective of the 
size of dose, complete healmg followed m all but 1 patient who left the 
hospital when his lesion was showing every sign of heahng Alexander and 
Schoch (1954) tested the effect of eryrthromycm on 2 cases The diagnosis was 
confirmed m each of thrae by the finding of Donovan bodies m smears As 
they had done m the case of eyphilis, these authors treated the disease with 
0 2 G of erythromy cm 4 times a day for 8 days, but they saw no improvement 



Chapter 1 ERYTimO'\I\CIN 23 

m tLo lesions o\ er this time The lesions subsequently responded to strepto 
mycin 

LympJiogranttloma tenerettm 

Alexander and Schoch (1954) treated 4 male patients with enlarged non* 
suppurating inguinal nodes inth doses similar to those they had given for 
granuloma inguinale and sj’philis Again, they saw no benefit from this treat 
ment In 1955 an attempt to potentiate the action of er^dhromycin by giving 
triple sulphonamide was rcportwl by hlarmcU and Prigot The preparatioi 
was given in tablets, each containing 0 I G of erythromycin and 0 83 G of 
sulphadiazme, sulphamerazino, and sulphamethazme Two tablets were 
given 4 times a day to 4 patients in whom the diagnosis had been confirmed 
by a positive Frei test In all coses rapid improvement in the inflammation 
followed, with subsidence of pam within 3 do}^ The lymph nodes ruptured 
in 3 cases during the course of treatment, which lasted for 3 to 10 days The 
ruptured nodes exuded a thin watery discharge, but regressed and then 
healed in 3 to 5 daj a additional treatment One lymph node resolved without 
rupture, and lesions of the perns healed after 5 days’ treatment The report 
was made too early to recoil whether any recurrence had occurred 

Conclusion 

In conclusion it might be said that erythromycin, although often valuable 
in gonorrhoea, is uncertain m its effect when given m doses which do not 
produce gastro intestinal upsets The evidence indicates that syphilis is 
particularly susceptible to this antibiotic, but further work and a longer period 
of examination of the patients’ serological reactions are necessary before it 
can be stated that the antibiotic is a good substitute for penicdhn In granu* 
loma inguinale the response is generally rapid and, provided that treatment 
is continued for long enough, healing occurs, but whether this is complete or 
not appears to depend on the size of the lesion In lymphogranuloma 
venereum the results are equivocal, since no benefit was seen in cases treated 
with erythromycin alone 

Meningococcal Infection 

Anderson (1953) described a child of 2 years with merangococcal septi 
caemia treated by erythromycin Followmg a cold of 2 vreeks’ duration this 
child became drowsy, began to vomit, and developed purpuric spots The 
temperature rose to 104'’ F and convulsions occurred while the patient was 
being examined Meningococci were isolated from the blood but not from 
the cerebrospinal fluid The organisms were found to be resistant to pern* 
cillin, oxytetracychne, and chlortetracycline In spite of sodium sulpha 
diazme and various antibiotics includmg penicilhn, chloramphemcol, and 
streptomycin, either singly or m combination with one or other, the child 
improved only gradually, and relapsed with a high temperature on the 12th 
day after admission By this time sensitivity tests had been carried out by 
the disk method with polymyxin and erythtomyem Although the memngo 
COCCI were resistant to the former antibiotic they were found to be highly 
sensitive to erythromycin This drug was then given m doses of 0 2 G 
0 hourly for 8 doses and then 010 6 hourly, treatment being continued for 
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11 days Three days after erythiomycm treatment Tvas begun the patient was 
afebnle for the first time since admission, and the leucocyte count fell to 
normal Within 6 days the child tfss playing Although there were some 
neurological sequelae in the form of choreo athetoid movements of the 
extremities, these improved duruig the 3 weeks of convalescence before dis 
charge and at the time ofdisdiarge the duld was able to stand Four patients 
with this infection were treated by Romansky et al (1957), 1 of whom was 
suffering from a Waterhouse-IVidenchsen syndrome By means of intra 
venous therapy to start with, followed by doses of 400 mg 4 hourly by mouth, 
3 of these patients recovered The 4th, although she had responded well to 
therapy, eventually died from what was considered to be a pulmonary infarct 

Actinomycosis 

Four patients suffermg from this infection were treated by Herrell, Balows, 
and Dailey (1955) Actinomyces tsraeh had been isolated from all the lesions 
and this was found to be inhibited by 0 25 to 0 5 pg of erythromycm per ml 
In 2 patients the jaw was involved, the bone being invaded in I of them The 
3rd case had actinomycosis in the peri anal region, and the 4th had a swelhng 
over the junction of sternum and clavicle Erythromycm was administered 
by mouth m doses of 0 3 G every 6 hours for 3 to 7 weeks The patient with 
bony mvolvement, however, was given pemcdlm after the course of erythro 
mycin Dramage of abscesses, excision of necrotic tissue, and removal of a 
bonysequestrumnerealsocamedout A1I4 patients fully recovered, although 
it IS difficult to ascribe to erythromycm alone all the beneficial effects which 
were said to be due to the chemotherapy In the case where pemcjllm was 
given after erythromycm the Actinomyces tsraeh isolated at the end of the 
course of erythromycm was still sensitive to 0 4 fig per ml of this antibiotic 

Brucellosis 

Three reports of cases of brucellosis treated by erythromycm appeared in 
1954 and 1955 Bearing in mmd the variable susceptibility of the different 
types of Brucella to this antibiotic, very successful results were hardly to bo 
expected from low doses of the drug Cassaoo, IHiano, Barletta, and Mazreo 
(1954) treated 8 patients infected with Br abortus or Br mdtiensis These 
authors claimed that all the strains were sensitive to erythromycm m titro 
and gave their patients 0 3 G eveiy 3 hours, later reducing the frequency 
of administration to every 6 hours The early results were good fever sub 
sided in 3 to 4 days, blood cultures became negative, the patients’ general 
condition and blood pictuteimproved, and theerythrocyte sedimentation rate 
returned to normal Late results, however, were not so satisfactory, for 
relapse occurred m 6 cases The relapses were overcome with the help of 
intravenous vaccine and erythromycin agam While not recommending 
this antibiotic as the first choice for treatu^ brucellosis, these workers con 
sidered that it was of value m patients who had become intolerant to other 
antibiotics Contrary to the findings <rf investigators m the Umted States, 
Le6n and Cano (1954) found that 0 03 fig per ml -a as sufficient to inhibit all 
3 species of Brucella which they tested Moreover the survival of chick 
embryos infected with Br mehtensis was prolonged for 3 days or more, even 
when treatment was begun 24 hours alter they had been infected Leon and 
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Cano (1034}, using much the sarao dose as Cassano ei al (J054), 0 6 G 6 
hourlj , found that their patients had recovered in as little as 2 5 days, hut 
the majontj relapsed in 1 to 20 weeks after treatment ceased ^Vhen strepto- 
mjcin uas added to the treatment relapses were at least delayed, for no 
relapse ^\as seen m patients \\ho were observed for 3 to 9 months after 
treatment Finally , Urteaga, Larrea, and Calderon (1955) treated 14 patients, 
7 in the chronic stage of brucellosis Diagnosis uas confirmed in each case 
by positive cultures and agglutination tests Erythromycin was administered 
ns tablets in 3 doses daily amounting to 1 2 to 2 4 G until a total of 20 to 
30 G had been taken over 9 to 16 days Two or three times the higher dose 
was given over 2 to 3 days to some patients with similar results In the acute 
cases, in which symptoms had been present for not more than 30 days, 
symptomatic improvement followed treatment as quickly as in the 2 previous 
series of cases, and little sign of intolerance to the drug was seen In the 
chrome cases, who had been ill for 2 to 6 months or even 2 years, clinical 
improvement was evident within the first 2 days of treatment, and the 
temperature fell shortly afterwards However, foci in the joints and spleen 
persisted, as did the leukopenia and disturbance of bone marrow fanction 
In 12 cases who were followed up for some time, 5 showed relapses of fever, 
positive blood cultures and agglutination tests, but each exacerbation of the 
disease responded again to cry thromyem, so that the attack m each case w as 
limited to 24 to 48 hours Tliese relapses occurred irrespective of the size of 
the dose given, although it was hoped that by lowering the dose until it was 
just sufficient to overcome the fever the immune mechanisms of the host 
might bo allowed to function in the normal way 

Atnocbiasls 

In 1933 McCowen, Callender, Lawhs, and Brandt confirmed the earher 
findings of McGuire e/ al (1952) that S htiidyltca could be cleared from 
infected rats by feeding them erythromycin in a total dose of 600 mg per kg 
of body weight 

Inkstinal amoetiasis 

Shafei (1955 a and 6) made a climcal tnal of erythromycin in 22 patients 
with intestinal amoebiasis in Egypt Thirteen of these had had recurrent 
attacks for 6 or 7 years Diarrhoea with blood and mucus, colic or abdominal 
pam, or locabzed tenderness over the colon or iliac region were present 
Amoebae or cysts were found in the stools and mobile amoebae were found 
in mucus aspirated during sigmoidoscopy Shafei gave his patients 0 8 G of 
erythromycin daily After 10 days, 10 cases had shown prompt relief of 
diarrhoea and other symptoms, and intestinal ulcerations healed withm 2 
weeks In 5 of the cases, however, cysts persisted in the aspirated mucus for 
approximately 3 weeks These latter cases were subsequently cleared by 
catbasone, wath or without eiytbromyein In 7 patients who also had 
schistosomiasis ulcers due to the schis^omes persisted after erythromycin 
had been given, but the scrapings were negative for amoebae In I case a 
mass palpable at the junction of iliac and sigmoid colon, and thought to be 
an amoeboiua, was reduced to half its size in 3 months and, by the time 
treatment for the schistosomiasis was completed, it had disappeared Shafei 
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noticed Uttle difference in the response to treatment between cases with 
mobile trophozoites m the stools and those with only cysts Forty two 
patients with intestmal amoebiasis were treated by JIcHardy, Browne, 
McHardy, and Ward (1955) They received the same daily dose as Shafei's 
patients and for the same time The value of their study was m the length of 
follow up which was conducted The patients’ faeces irere examined at mter 
vals for 6 months after treatment After the 30th day there were 5 relapses, 
after CO dajs — 3, and at G months — 1 Another method of adnumstration 
was adopted in 8 cases These received erythromycin stearate in a suspension 
accordmg to the same dosage scheme In these patients treatment was less 
successful for E histolytica persisted to the end of treatment m 2 and there 
was also a relapse after 30 days in 1 patient The dose of this preparation was 
sufficient to produce nausea, abdommal cramps, mild diarrhoea or pruritus 
am durmg treatment in 6 of the patients Seventy patients ivith chrome and 
28 with acute amoebiasis u ere treated in La Paz, Bohvia, h^ Villarejos ( 1955) 
E histolytica was found in the faeces of both chrome and acute cases Vil 
larejQS administered erythromycin as tablets with an acid resistant coating 
m a dose of 0 8 G by mouth to start with, followed by 0 2 G every 8 hours 
until each patient had taken a total of 4 6 to 6 5 0 The faeces were examined 
from time to time during the 3 months after treatment E histolytica had 
disappeared ftom C7 cases of chrome amoebiasis by the end of treatment but 
after 3 months there had been a relapse m 8 Better results were obtamed m 
those patients receiving 6 5 G than in those to whom only 4 0 G was given 
In the acute cases rapid chmeal improvement followed the beginning of 
treatment, stools being normal m number withm C2 hours and no amoebae 
being found after 9G hours One relapse only occurred, at tbe end of 3 months 
With the doses employed m this senes, no unfortunate side effects were 
observed 

Parenteral amoebiasis 

When amoebae have passed through the intestinal iraU and lodged in foci 
elsewhere the high concentrations produced in the mtestinal contents by oral 
administration are no longer avadable to attack the protozoa Iveverthe 
less clinical tnals were made to see whether it was still possible to influence 
the disease Extra mtestmal lesions were also present m 3 patients of Shafei 
(1955 o) who had tenderness over the liver These all cleared up while 
lawisr tFSsiissDt Andfirsnn, C^rhnMv and Jbax freatnl 45 

patients in Sevilla, Columbia, who had evidence of hepatic involvement 
Fifteen of these patients received erythromycin stearate as 15 mg per kg of 
body weight daily Hepatic amoebiasis cleared in 14 of these patients, and m 
those in whom E histolytica was demonstrable in the faeces, the amoebae had 
disappeared before treatment was completed Nelson, Anderson, and Thomas 
(1955) then turned their attention to amoebic hepatitis m tbe TJmted States 
They found evidence of this m 29 out of 371 cages admitted to the Sonoma 
State Hospital, Cabforma Like Shafei e 3 patients, none had a definite 
hver abscess hut hver function tests and hver biopsies showed the presence 
of subacute hepatitis and abnormal hver function These patients received 
1 G daily for 14 days if adult and 15 mg per kg of body weight if children 
In 20 of these patients the liver condition responded favourably, the remain 
der suhsequenth being treated with chloroqume The results with eiythro 
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mycm, according to Shafei (1955 6), were similar to those obtained -mth 
fumagillin, streptomjcin, bacitracin poKTn^Tan, neomjcm and di lodo 
hjdroxyquinokne in 200 cases previously studied A trial of erythromycin, 
given as 6G o\cr 10 dajs, together with fumagillm, produced no more 
stnking improvement than orj’thromjcin alone, given as 8 G over 10 days ^ 
Hou ea er, with the tv. o antibiotics given t<^cthcr, recurrences in thefollo'wing 
3 months arcro said to be less frequent 5lie combination of fumagillin and 
ciydlirorojcm produced no better results than did fumagilhn with tetra 
cjclinc 

Virus infections 
Pnme tnfluensn 

A total of 203 patients were included m a studj by Cronk and Naumann 
(1954) on the effect of erythromycin on prime influenza Hiese patients were 
admitted to hospital between January and March 1953 A prime influenza 
virus was isolated from 82 per cent of them WTien satisfied with the 
diagnosis, Cronk and Isaumann (1954) diiided these patients into 3 groups 
according to the treatment given (a) 91 patients who received analgesics, 
(b) 61 patients who were given a placebo, and (c) 89 patients who received 
0 2 G of erythxomy cm 4 times a day In a third of the group who received 
only a placebo a secondary rise of temiierature occurred on the 4th day m 
hospital, but this did not occur in any of the patients receiving erythromycin 
In none of the groups was there any significant secondary infection It was 
thus somewhat difficult to ascribe a therapeutic effect to erythromycm 


THE TREATMENT OF DISEASES CONSIDERED BY 
SYSTEMS 

Infections within the Chest 
Bacterial endocarditis 

Mention has already been made of several cases of bactenal endocarditis 
treated with eiythromycm In none of those caused by a staphylococcus was 
trestmeat sacoessfai One ease dite te jssdwiv.va.v responded {diednmn 
et al , 1952) but others failed to do so From the same clinic Geraci and 
Martin (1954 a) found their results disappointing in a further 7 cases In only 
the case infected by 5ir saitranws was a good response obtained Of 4 cases 
with staphylococcal infection 3 died within 36 hours to 9 days of begmnmg 
treatment and another died 2 months later — ^from cerebral embolism Another 
patient was infected with an enterococcus and another with a Sir mitts 
In the latter an initial response onis obtamed but the orgamsm rapidly became 
resistant to erythromycm The enterococcal infection showed no improve 
ment under treatment These last 2 patients were then treated with dihydro 
streptomycin and penicillin and evraitaally recovered Pulaski and Weso 
lowski (1954) treated a ease of endocarditis due to a haemolytic streptococci 

1 For further ujformfttjon regariling fumagiUtn and erythromycin see fumagillin 
p 159 
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which were resistant to pemciUin, chlOTtetracyeline, oxytetracycline, and 
chloramphenicol, but sensitive to 0 4 /ig per ml of erythromycm In spite of 
mamtaimng concentrations of 1 25 to 2 5 /tg per ml of erythromycin m the 
blood, there was no response and the patient died 19 days after treatment 
had been commenced Many vegetations were found on the aortic cusps at 
autopsy From studies tn vitro Geraci and Martin (1954 a) thought that a 
combmation of erythromycm mth baatracm might be more effective than 
either antibiotic alone 

A better result n-aa obtamed by Lambert, Lamalle, and Lievens (1955) m a 
non haemolytic streptococcal infection This patient had been ill for a month, 
during which time no organism was isolate from the blood Before the 
streptococcus was cultured pemcilhn and streptomyem jn ‘massive’ doses 
had been administered mtravenously After these antibiotics had produced 
no obvious therapeutic effect, oxytetracychne a as infused by the same route 
When sensitivity tests were at last available it was found that the strepto 
coccus was resistant to all 3 antibiotics used up to date but that it vas sensi- 
tive to erythromycm This was then given m doses of 2 G daily over 1 month 
followed by progressively decreasmg doses during the next month The 
patient responded well to this treatment, did not expenence any side effects, 
and was eventually chmcally cured Ko recurrence followed the cessation of 
treatment over a period of 6 months Fig 1 is the chart of a patient who 
recovered from acute bacterial endocarditis due to a gonococcus particularlj 
susceptible to erythromycm, « hich was the only antibiotic she received 

Combined therapy A combmation of erythromycm with oxj'tctraoychno 
had success m a staphylococcal infection desenb^ by Johnson and Hurst 
(1054) m a child of 3 years Doses of penicillin up to CO million Units daily by 
mtravenous mjection were given, together uith intramuscular streptomyem, 
but thu had no effect on the child’s condition in 5 day s "When erythromy cm 
was substituted for the penicillin the fever fell, but blood cultures remamed 
positive When oxytetracychne was substituted for the streptomyem, how- 
ever, there vas an impressive clinical improvement and complete subsidence 
of fever after oral administration had taken the place of mtravenous treat 
ment The child mamtamed his improvement and was regarded as havmg 
recovered from his infection It is of interest to note that the 2 antibiotics to 
which the staphylococcus was most sensitive in vitro were oxytetracychne 
and erythromycin, each of which inhibited the oi^anisms at 0 37 per ml 

Another report made by Bishop, Smith, Lloyd Jones, and Longcope (1955) 
a case due to a -non haemoiylic BiTt-iAococcus m a patient with 
a congemtal defect The illness had faded to respond to a succession of anti 
biotics including pemcilhn, streptomycin, neomycm, bacitracin, and oxy- 
tetracy'cline m combmation with penicdhn, even though blood levels of 
peniciUm had been rawed by means of probenecid well above those necessary' 
to inhibit the organism Eventually ery'tbromycm, which mhibited the 
streptococcus in vtlro at a concentration of 3 /ig per ml , was added to the 
pemcilhn it was admmistered mtravenously toother with heparin m doses 
of 2 and 14 G respectively each day by' means of a polyethylene catheter 
introduced through the femoral into the iliac vem ^Vhen it was found that 
blood levels of 12 to 18 ng per ml of eiythromjcm were being maintained, 
the penicillin was discontinued The blood cultures became sterile and no 
recurrence of the bacteraemia appeared after the treatment had begun The 
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patient did not suffer further from bj mptoras of congestive heart failure up to 
4 months after treatment, although she did complain of dizziness and ataxia 
It iiould seem from these accounts that crythromjem can rarely be de 
pended on alone to control subacute bacterial endocarditis, but in combmation 
Mith another antibiotic it maj bring about recoverj WTiich antibiotic should 
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be used m such a combmation can only be indicated by sensitivity tests tn 
ttlro 


Pneumonia 

The results of treatment of cases of pneumonia ascribed to the pneurao 
coccus have already been described under pneumococcal mfections (p 18) 
Those which were not selected accordmg to their aetiological orgamsm were 
investigated by Romansky, Nasou, Davis, and Ritts (2957) These workers 
treated 221 patients wth pneumonia in 171 of whom the distribution was 
lobar, bronchial m the remaining 50 Jhfiococctis pneumontae was cultured 
from the sputum in 73 instances and from the blood in 43 In a further 84 
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patients, although a bactenological diagnosis was not obtained, the findings 
•were ‘typical of pneumococcal pneumonia’ Treatment consisted m ad- 
ministenng 100 to COO mg by mouth every 4 to 6 hours and by parenteral 
mjection to 50 very seriously ill patients With such presumptive evidence 
that the great majority of infections were pneumococcal m ongm, the results 
are of mterest These were good m 93 2 per cent of cases The 8 deaths m the 
senes were attnbuted to insensitive infection — Klebs pneumoniae, to patients 
bemg monbund on admission, or to accompanying disease such as cor pul* 
monale, alcohobsm, emphysema, and cirrhosis With such results in an 
unselected senes one would be tempted to thinh that Bunn and Cook (1953) 
had been unfortunate m having patients who were had risks under any form 
of treatment (p 19), if the only further report available was that of (3ibson, 
Nushan, and Anderson (1954) These latter workers, hko Austrian and Kosen- 
hlum (1953), compared the results of therapy with erythromycin and with 
pemcillm , 24 patients were treated w ith erythromycin and 21 with pemcillin 
The response was found to be eumlar m the 2 groups These workers expressed 
the guarded opmion that the usefulness of erythromycin had yet to be tested 
m fulmmating infections, and this caution was in part justified by the in 
vestigation carried out by Waddington, Maple, and Kirby (19^) This 
included 75 elderly patients, many of whom were alcoholics or debihtated 
from age or some other cause It was therefore unlikely that these patients 
would recover spontaneously from an attack of pneumoma Pneumococci 
were isolated from the sputum in 43 cases and from the blood m 11 Er^dhro 
mycm ^va3 given m acid resistant tablets in doses of 0 3 to 0 5 G G hourly , 
sufficient, as Kirby et al (1953) had already shown, to inhibit pneumococci 
Although 63 of these patients did well complications such as delayed rcsolu 
tion and sterile effusions occuiTe<l in 11 cases in spite of adequate dosage, and 
3 patients died Nevertheless m such patients the prognosis with pemcillm 
treatment is not always good, and it does not seem likely that better results 
would have been obtained even if peniciUui had been administered m the 
usual way, by intramuscular injection 

Empyema 

Thisconditionwastackled by Lopez Bebo Takimura.Fox, and Lees (1956) 
In all cases the staphylococcus was responsible and m 21 out of 86 patients 
it was resistant to pemcillm Lopez Beho et al grouped their patients 
accordmg to the presence or absence of a broncho pleural fistula the presence 
or absence of extemaf tiramage ana’ accorrfing to whether their conditions 
were acute or chrome Their treatment consisted in administering erjthro 
mycm intravenously as 0 25 G in a 1 per cent solution over 24 hours when 
patients were very ill and by mouth as they showed signs of recovery — 0 4 G 
3 times dailj When the solution wr^ not too imtatmg to the patients, they 
instilled it through a catheter or by means of needle and synnge when cavities 
were closed With this treatment the exudate had diminished or ceased wntlim 
72 hours and the cultures had become negative In chrome cases this was 
onl^ a temporary phenomenon however, but treatment put them mto a good 
condition to stand operation 

Pericarditis 

Treatment of a single case was desenbed bj Nieman (1957) This was m a 
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man of 49 5 ears whose condition of fulminating staphylococcal septicaemia 
involved lungs, subcutaneous abscesses as well as the pericardium After the 
staphjlococci were found to he resistant to the patient’s imtial therapy — 
penicillin and strcptomjcm — he was given erythromjcin by mouth Un 
fortunately for the assessment of its value m securing the patient’s recovery, 
erythromycin was not the only antibiotic administered As the pericardial 
exudate was aspirated a solution contoming chlortctrac> chne was instilled 
into the sac After 0 such aspirations and instillations over 4 weeks the 
staph} lococci at last disappeared As the original sensitivitj test showed the 
organism to bo resistant to oxidetracycline, the probability that it was also 
resistant to chlortetracycline can be considered, the repeated aspirations and 
instillations acting as a modified form of drainage in assisting erytbromyem 
to rid the body of its infection 


Urinary Tract Infections 

The scope of erj’thromycm in unnarj tract infections is necessarily hmited 
since none of the Gram negative rods commonly associated with infections m 
this region is susceptible to its action It was however, tried wuthout success 
m 3 cases of non specific urethritis by Haight and Finland (1952 a) and later 
by Willcox (1954 and 1955) By 1055 Willcox had treated 63 patients 
4 negroes, 1 Ceylonese, and 48 white people The urethral discharge was 
clcar^ up m 1 to 3 days m 22 of the patients, but in the others it continued 
for a week, or even for more than 2 w ecks Gonococcal infection vvas excluded 
m this senes of patients, although 2 of them bad positive Wassermann tests 
Willcox gave his patients 0 3 G of erythromycin 4 times a day for 6 days or 
until G 6 had been given Apparently the discharge and dysuria subsided 
m most cases, but w hen these patients had been followed up for 2 to 3 months 
II out of 60 failed to maintain their improvement A similar proportion of 
failures was also recorded 1 month after treatment Although it is possible 
that erythromy cm may have had some effect on certam susceptible bactena 
in the urethra, the results do not provide much evidence that it is a par 
ticularly useful drug for non specific urcthntis In the earlier senes (1954) 
the drug was administered in doses of 0 1 G 4 times a day for 6 days, but 7 
out of 21 cases failed to be improved by this treatment 

Other urinary tract infections were treated by Pulaski and Wesolowski 
(1954) These authors chose 22 patients without prostatic hypertrophy, other 
urmary tract obstruction, or gonococcal infection An excellent response w as 
obtained in acute infections of the prostate or epididyuius, but m chrome 
infections the response was not particularly satisfactory An immediate 
improvement occurred in 5 out of 13 patients with chrome prostatitis, but 
erythromycin resistant organisms were found in the urine or the prostatic 
secretion of patients vvlio did not respond to the antibiotic Even m those 
patients who improved, recurrences were apt to occur One patient who had 
pyelonephritis and glomerulonephntis and in whom a mixed infection of the 
urmary tract was present was given erythromycin together with pemcillm 
and streptomycin However, this patient died on the 6th day of treatment, 
probably from the glomerulonephritis 
Subscribing to the theory that eiythromycin may bo effective in infections 
whose responsible organisms are resistant »» ttlro to this drug Mouratoff, 
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Bell, and Batterman (1057) treated 32 patients suffering from chronic genito- 
urinary infections which had persisted for 1 month to several years Though 
the orgamsms isolated from the urine were, m order of frequency, ProUm 
tulgaris, A aerogenes, enterococsci, B eoli, -with an occasional growth of Ps 
aeruginosa, haemolytic streptococci, M pyogenes, aureus or oThua, and Sir 
pyogenes, ‘clinical control of th^ conditions was manifest in 27 patients, 
the criterion of responsivene^ bemg subsidence of fever, disappearance of 
dysuna, frequency, and albuminuria MouratofF ei al stated that m 26 of 
these successful trials there had been no alteration in the Gram negative flora 
In spite of these excellent results one would prefer to know for how long 
these patients were followed after their apparent cure and whether there was 
no possibihty that the exciting cause of their original complaint could not 
have been an organism only intermittently appearmg in the urine To sup- 
port this peculiar theory an exhaustive study is reqmred of the relevant 
factors contnbutmg to the conditions treated and to their alleviation 


Infections of the Eyes 

Trachoma 

Although trachoma responds readily to sulphonamides m the acute stage, 
when it IS neglected and becomes chronic it is difficult to eradicate Since 
the disease is due to one of the la^er viruses there was some hope that 
erythromycin might have some effect on it From the Navajo Indian 
Beseivation in the Umted States Button (1055) selected 21 patients in all 
stages of the disease except the late inactive stage of scamng Ten children 
m the group bad been treated ivith sulphadiazme and local sulphatbiazole 
for 12 days ivithout showing obvious improvement, while the remamder had 
had no chemotherapeutic treatment at aU The diagnosis was confirmed by 
conjunctival scrapings and biopsy exammation in all cases Erythromycin 
was administered in doses of 2 to 3 mg per ib of body weight at 4 fo G 
hourly mtervals The climcal effect was remarkable inclusion bodies dis 
appeared first, then the follicle cells, then the macrophages, and finally the 
lymphocytes and plasma cells Even in the early cicatricial stage, when 
pannus formation was present, exammation of the conjunctivae showed 
a normal cellular structure after an average of less than 6 dajs’ treatment 
Although the microscopic changes appeared promptly there was a certain lag 
before gross climcal signs of improvement were obvious Follicles and pannus 
often persisted for some time after the cytology of the conjunctiva appeared 
normal At least 12 days were required for cure When treatment was dis 
continued after less than 12 days there were some recurrences Some con 
firmation of these remarkable findings was given by Constantmovits (1950) 
His treatment, however, was by local application — an ointment containing 
0 25 per cent of erythromycin was mtroduced into the conjunctival sac 3 
times a day at first, and later, as improvement progressed, once a daj Con 
stantinovits observed no evidence of irritation or hypersensitmtj bacterio 
logical exammation produced no growth after 3 days’ treatment and later 
follicle formation and papillarj hypertrophy gradually subsided Even m the 
presence of pannus favourable results were obtained By treatmg one e^ e of 
each patient with oxytetraejehne and the other with erythromycin this 
investigator could compare their effects He does not seem to have considered 
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er> tliromj cm inferior to oxytetrat^ clme in this respect but he observed that 
recurrences were not very much reduced by either drug 


Infections of the Skin 

In 90 per cent of 184 pyogenic lesions of the skin Livingood, Head, John 
son, and Nilasena (1953) isolated staphylococci which were inhibited by con* 
centrations of 0 1 to 2 of er^ thromycm per ml , and/or ^ haemolytic 
streptococci all of which were inbbited by 1 fig per ml or less From only 
10 per cent of the lesions were Gram negative rods cultivated The results of 
local applications of erythTomycin were satisfactory in 37 of the 41 primary 
bacterial infections, but m only 66 of 143 secondary infections 
A senes of 10 children v ith py oderma was treated by Freeman and Scott 
(1953) Four of these children received eiythromy cm both by mouth and as 
an ointment applied to the lesions , the remainder received the ointment only 
No new lesions were seen after 24 hours of treatment Ousts had formed and 
healing was taking place within 48 to 60 hours, and healmg contmued until 
treatment was stopped No recurrences were seen while the children were 
under observation There w&a little difference between the progress of the 
children receiving oral as well as topical administration and those having 
topical treatment only Pyogenic infections supervemng on such conditions 
as primary dermatitis, acne pustulosa or cystica, impetigo, ecthyma, and 
hydrademtis suppurativa, were treated by Lubowe (1054) with 1 percent of 
erythromy cm m a petrolatum base This worker found the ointment par 
ticulariy effective against pneumococcal and staphylococcal infections which 
were resistant to other antibiotics Forty three out of 55 cases improved 
under this treatment So far this is the only senes m which an unfavourable 
side reaction to local application occurred, and this occurred m a case with 
a varicose ulcer Lubowe (1954) also used the ointment as a post operative 
dressing m 22 cases after the removal of veirucae seborrhoeic keratoses, 
naevi, or sebaceous cysts Although all of these cases healed rapidly mthout 
secondary infection, this would in any case be expected m a surgical unit 
where proper attention was paid to aseptic techmque A larger senes than 
those already desenbed was that of Robinson, H M , Zeligman, Robinson, 
R C V , Cohen, and Shapiro (1954) These authors treated I 014 cases by 
local application of 1 per cent erythromycin m a base of oil and soft parafBn 
This application w as found beneficial in various pyogemc infections including 
impetigo, ecthyma, and sycosis as weU as in secondarily infected conditions. 
Oral administration of erythromycin in doses amountmg to 0 8 G daily was 
also used for a large vanety of skin conditions Good responses were obtained 
mainly in pyogenic infection, but these authors also beheved that erythema 
multiforme responded to the treatment Again no skin reactions were seen 
but, as in other senes treated by the oral route, gaslro intestinal disturbance 
developed in 34 patients 

A senes of 14 children with pyoderma was treated by Latng and Scott 
(1954) with a combination of polymyxin and erythromycm incorporated in 
an ointment All the organisms isolated from the lesions were staphylococci, 
and most of them were susceptible to 2 5 ftg of erythromycin per ml or less 
Streptococci were isolated in some cases, and all of these were inhibited by 
this concentration of erythromycm Only an occasional staphylococcus was 

B 7379 D 
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found to be susceptible to both polymyxin and erythromycin There is some 
difficulty m understanding the rationale of this combmation, and the clinical 
trial showed that there was no apparmit advantage in adding polymyxin to 
the erythromycin m the ointment Heahng was complete m all patients in an 
average of 4 7 days With such rapid healing the risk of supermfection of 
Gram negative organisms susceptible to polymyxm must have been mimmal 

Acne vulgaris 

The previously mentioned papers have demonstrated the effectiveness of 
erythromycm, apphed locally or administered by mouth, m checking pyogenic 
mfections of the skm Van de Erve (1954) attempted to see whether the anti 
biotic 'll as effective m acne Sixty cases, 10 to 35 years old, with acne showing 
comedones, oily skm, and some pustulation, were treated by mouth m doses 
of 0 2 G given m capsules 3 to 4 times a day The pustular element of the 
condition as controlled m nearly all the patients, but the improvement was 
temporary, and pustules agam appeared, usually ivithin a month after treat 
ment There was little or no effect on the sebaceous secretion of the skm 
Similar observations were made by Johnson, Schuster, and Gnmstad (1957) 
whose 74 patients had varying degrees of infection accompanying their acne 
A dose of 250 mg 3 times a day was continued for 3 n eeks up to as long sa 
5} months An excellent response >ras seen m 46 of their patients This m 
rolved the disappearance of erythema, small cjsts, and crustmg, whereas the 
comedones persisted Though staphylococci were isolated from the cysts m 
every case, these workers could not associate their increasing resistance to 
erythromycm with poor clinical response 

Reference to the treatment of pyogenic infections of the skm not mentioned 
in the text Schonberg (1953) 

Miscellaneous Conditions 

Leukaemia 

Although there is no reason to suppose that erythromycm should have any 
direct effect on myeloblastic leukaemia, it was thought possible that it might 
be of value m tiding the patient over febrile crises which were perhaps due to 
infection mth susceptible organisms Three such cases of aleukaemic mjelo 
blastic leukaemia were studied by Reich (1954) In all of these the tempera 
ture had risen to 100® F or over and there was a considerable fall m the 
number of cells in the blood, particularly m the number of neutrophils 
Myeloblastic infiltration of the tene marrow was evident Chlortetracychne 
or oxytetracyclme was administered to 2 of these patients but caused gastro 
intestinal disturbance after a week in 1 patient , a lower dose of the drug failed 
to control the fever Erjlhromycm was then given 3 times daily in doses of 
0 1 G together Avith blood transfusions and cortisone This therapy con 
trolled the fever temporarily, but all patients eventually died from their 
disease 5 to 18 months later The advantage of erythromycm o^er the 
tetracyclmes in these conditions was the relative ease of its admizustration 
and its apparent effectiveness in controlling the fever 

Infections of the mouth 

Thirty three college students with painful and bleedinggums, acute uJeera 
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tion of the mucous membrane of the gingival margins, and fuso spirochaetes 
isolated from their lesions, Mere treated by Cronk and Naumann (1954) 
They received 2 capsules (0 2 or 0 4 G ) 4 times a day for an average of 
48 hours, together with 800 mg of vitamm C daily The response to this 
treatment ttas very satisfactory in those tv ho could be followed They gave 


the figures shown below 


No 

No 

Total no 

Total 

eUnteaHy 

baclertologically 

Dose pattenie 

folloiMd 

cured 

cured 

040,4 times a day 24 

19 

19 

14 

0 2G,4 „ 9 

9 

6 

4 


The higher dose produced better resulte, but on the other hand it also induced 
gastro intestinal irritation during treatment 
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ANTIBIOTICS RELATED TO 
ERYTHROMYCIN BY REASON OR BACTERIAL 
GROSS RESISTANCE 

CABBOMYCIN, SPIRAMYCIN, OLEANDOMYCIN 

CARBOMYCIN 

GENERAL CONSIDERATIONS 

I IKE erythromycin, the antibiotic catbomycm (Magnamycin) was isolated 
j in 1952 and has similar antibactenal properties Tanner, Enghsh, Lees, 
and Routien (1932) described its isolation from Sirtfivmycti hal8itdi\ vhich 
grows luxuriantly m submerged aerated culture Carbomycm can also be 
obtained from several other strauis of actmomycetes It is a crystalline mono 
basic material only ebgbtly soluble m water from which, however, acid salts 
can be prepared, such as the hydrochloride and sulphate, which ere water 
soluble The base was found to have no effect on colifonn organisms m 
anythmg but very high concentrations tn vifro but Gram positive bacteria 
such as streptococci, pneumococci, Slaph aunvs, and diphtbena bacilli Rare 
inhibited by 1 2 /ig per ml or less A second variety of carbomycm was pro 
duced by Chas jpfizer and Co Inc This was called carbomycm B to distin- 
guish It from the original product, carbomycm A It has similar antibacterial 
properties (see p 37), but has advantages over carbomycm A when ad- 
ministered to man 

Antibacterial activity 

The antibactenal activity of carbomycm according to the findings of 
various workers is set out m Table 2 

Its activity in into was demonstrated by Wong, James, and Finlay (1953) 
against the folloiimg nckettsiae and viruses m embryonated hens’ eggs 
B prou-azeki, B typhi, B alart, B Isvlsvgamvsht, B ricleltst nckettsia of 
N Queensland tick typhus, Coxtetta bttmett, and the viruses of psittacosis,^ 
ornithosis, lymphogranuloma venereum,* human and fehne pneumonitis, 
sporadic bovine encephalomyehtis It ivas not effective, however, against 
the following viruses herpes simplex, memngo encephalomj ehtis, rabies, 
vaccinia, pohomyehtis — type II vims * 

Experiments earned out m mice by English, MuUady, and Fitts (10S3) 
showed that full protection was afforded by the dmg against 3 different strains 
of Slaph aureus resistant to other antibiotics available at that time, and 
against Sir pyogenes ATCC 8668, m dos« of 20 to 50 mg per kg gi\en by 
subcutaneous injection half an hour after intrapentoneal inoculation of the 
I In hens* eggs only, not in mice 
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test organism With Sir pneiimtmtae ATCXJ 6301 protection tras not so com- 
plete but, according to these workers, it was greater than that given by half 
the dose of penicilhn 


Table 2 Carbo^ivczn Concevtuaitons Required to Inotbit 
Different Bacteria iif vitro 


Spteus 

fig per ml 
for «nfti6ition 

Species 

fig per ml 
for inhibition 

A aerogtnta 

100-> 200 

N menmgtlidu 

02 1 66 

Br bronchttepltea 

0 25-12 5 

Pasteurella mulloeuia 


BactUiu subltlis 

0 18 0 78 

Rieumococci , 

0 039 0X56 

Caiutida albtcana 


Pa aeruginosa 


C diphthenae 

0 78 

Proteiis ep 


Clostridia (4 species) 

038 10 

Salmonelloe 

25- > 200 

E call and other Grom 


Sh sonnet 

> 25 

negative epeciea 

3 12 >100 

Staph albus 

125-6 2 

H xnjluemae B 

i 56-SO 

Staph aureus 

0 05-12 5 

H perlussis 

312 

Str faecalis 

0 19 12 5 

Rlebs pneumonias 

e 25-> 25 ( 

Str milts , 

0 039-0 8 

Lepto Klerohaemorrkagiae 

too 

Str tindans 

0 3 12 5 

Myeobaetena 

3 12 > 25( 

Str pyogenes 

0 015-1 25 

^ calarrhaliS 
if gonorrhoeae 

0 02-0 78 

0 078-1 6 

Otbtf streptococci 

01 J25 


From the data of Cook and Thompson (1057) English Field Szendy Taghant and 
Fitts (1853) Finland Wilcox Wnght and rurcetl (1052) Fusillo Noyes Fulaaki end 
Tom(1953) Corzynski and Neter (10536) Tanner English Lees and Routien (1052), 
and It eleh, Randall Reedy and Kramer (1852) 

Protozoa Trials of carbomycm in t>»(ro against R At5(o?t/(ica were made by 
Seneca and Ides (1953) Su different strains were inhibited by concentra 
tioDS of 31 25 to 125 /ig per ml At a later date Seneca and Bergendabl 
(1954) found that subcultures of a particularij hardy strain of P ht«lolt/ttca 
could be maintamed m submhibitory concentrations of carbomycm until by 
the 24th subculture it grew well in concentrations of 25 50, 100, and 200 pg 
per ml Growth gradually dimimshed m subcultures contaimng 200 ng of 
the drug per ml but contmued to bo good m lower concentrations Trypano 
soTTia cruzi and Leishmanta donovant were inhibited by 31 25 to 62 5 pg of 
carbomycm per ml but the effect of the drug against T rhodesien^i was 
doubtful Trichomonads were inhibited only at a concentration of 250 pg 
per ml 

Other antibacterial properties of carbomj cm were investigated by English 
etal (1952) The mmimal inhibitory concentration of the antibiotic was little 
affected by different types of culture media, and the efficacy of the drug was 
not appreciably diminished by human serum m concentrations of 1 to 20 per 
cent Under certain conditions carbomycm could be bactencidal, but 5 
times the mimmal inhibitory concentration was required to kill Staph aureus 
or Str faecalis, and 10 to 125 times as much was needed to lull saprophytic 
mycobacteria 

Acquired and cross rcarsiancc 

English et al (1952) observed that resistance developed in vitro m a step 
wise manner resembling penicillin m this respect rather than streptomycin 
Nevertheless the steps were not necessarily very small ones Hsie and Kotz 
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(1955), m testing staphylococci with vanous salts of carbomycm tn tiiro, 
found that though highly resistant mutants did not appear after the first 
culture, those resistant to 1,000 pg per ml and others dependent on carho 
mycm for growth could appear withm 3 stages only The effect on cultures 
of amoebae has already been described above The early development of 
resistance and the fact that the drug was mainly bactenostatie gave warning 
of possible difficulties in its chnical apphcation English et al (1952), studying 
cross resistance, isolated 35 different organisms from patients clinically 
resistant to treatment with other antibiotics These organisms were resistant 
to all or some of the foUowmg antibiotics pemciUm, oxytetracychne, chlor* 
tetracychne, chloramphemcol, dihydrostreptomycin, bacitracin, and poly- 
myxm B Thirty four of these organisms were inhibited by 0 39 to 3 12 pg of 
carbomycm per ml One only, which was resistant to more than 100 pg per 
ml of pemcilhn, streptomycm, and bacitracm, and to more than 50 pg 
per ml of oxytetracyclme and chlortetracychne, required a somewhat 
higherconcentrationofcarbomycinforinhibition — C25pg perml However, 
Kutscher, Segum, Lewis, Piro, Zegarelh, Rankow, and Segall (1954) found 
that all of 265 strains of bactena isolated from pathological material between 
April and December 1953 were equally sensitive or resistant to carbomycm 
and erythromycin These findings were obtamed vhetber or not the orgamsms 
bad been exposed to one or other of the 2 antibiotics Finland, Wilcox, 
Wright, and Purcell (1952) found that repeated subcultures of staphylococci 
or streptococci m carbomycm or erythromycin resulted m a fairly rapid and 
marked mcrease m resistance not only to the antibiotic to nhich the organ 
isms were exposed but also to the other one Similar results were obtamed with 
staphylococci by Fusillo, Noyes, Pulaski, and Tom (1953) Nevertheless 
resistance to carbomycm developed more rapidly m staphylococci and some 
enterococci accordmg to Hewitt and Wood (1953) than it did to erj^hro 
mycm, and Hsie, Kotz and Nusscr (1036) observed that 352 mutants resistant 
to erythromycin or carbomycm did not always manifest cross resistance to 
both antibiotics simultaneously 

Administration 
Oral admimstrxilion 

Absorption of carbomycm into the blood stream after oral administration 
appeals to 'be rsry aaceitais PLrsiswrd, K'affste, And Scapaj-caae 
could detect not more than 0 2 pg per ml m the blood of patients given an 
oral dose of 2 G , and no detectable concentration eras found in 5 out of 11 
patients after 6 hours These authors considered that this was duo to most 
of the antibiotic bemg excreted in the bile, for in jaundiced patients a dose 
of2G produced blood levels of 28 to 525 pg perml for I to 6 hours after 
admimstration Later Kutscher, Piro, Zegarelh, Lane, and Segum (1953 5) 
confirmed the fact that serum concentrations were very variable following 
oral administration Hemtt and Wood (1953) found detectable concentra- 
tions in the blood m 80 per cent of cases given 0 5 G 6 hourly by mouth 
With repeated doses of the drug Finland, Purcell, Wnght, and Del Love 
(1953) found that the concentration in the blood was never higher than 
0 5 pg per ml , and m nearly half the specimens assayed no carbomycm 
could be detected 
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Inlraienoits admmstraiton 

Following intra\enous administration more reliable serum levels were 
found by Brainerd ei al (1953) After a dose of 0 5 G intravenously blood 
levels were about 0 6 /xg per ml 2 hours after injection, and 0 075 /xg per 
ml 6 hours after injection Hewitt and Wood (1953) found demonstrable 
concentrations in the serum following injections of 0 4 G. 

Excretion of carbomycin 

^^ery little of the antibiotic could be demonstrated m the urine by Hewitt 
and Wood (1953), onlj 0 1 to 1 3 j)or cent of the daily ingested dose being 
found Jlore was excreted after intravenous administration The drug 
appeared in the urine within 30 minutes of injection and 2 5 per cent of the 
daily dose w as recovered in the unne In different patients treated with doses 
of 2 G daily b> mouth the concentrations in the 24 hour specimens of 
urine varied between 0 G25 and 20 0 /ig per ml The amount recovered after 
a single dose was more variable 

Kutschcr, Piro, Zegarelli, Lane, and Seguin (1953 a) assajed the concen 
trations of carbom3 cm excreted at 1, 3, and 5 hours after injection, and found 
these varied from 0 2 to 8,000 jxg per ml or more 

Distribution in the tissues 

This was studied by English, Kapuzm, Field, McNierney, and P An m the 
rabbit (1054) Half an hour after intravenous injection of 100 mg ofearbo- 
mycm per kg the drug was found w'idel> distributed in all tissues examined, 
except m muscle, brain, and spinal flmd In 3 hours the activity found m 
most tissues was equal to that found m the serum After oral administration 
of 200 mg of carbomycin per kg , the drug iros also found widely distributed 
in the body tissues, and at 2 hours more of the drug was found in the tissues 
than in the serum This disparity increased wth time 

In man little work seems to fiare been done on this aspect of carbomycin 
admimstration However, Branmck, Heilman Nichols, and Martin (1955) 
studied the concentration of the drug in serum and thjToid tissue When 
carbomycin A was admimstered 3| hours before removal of the thyroid gland 
no activity could be found in either the gland or the serum On the other 
hand, when carhomycin B was adoimistemi semni fevefe af (f 2 to 2 
per ml were detect^ between 2 and 10 hours after the last dose, and in 8 
out of 10 samples of thyroid tissue there were 0 3 to 1 5 /xg per ml 

Complications of therapy 

This antibiotic was not found to produce toxic reactions either from acute 
or chrome dosage m vanous laboratory animals by Gardocki, P’An, Hapuzzi, 
Fanelli, and Timmens (1953) The IjDjo in mice for carbomycin injected 
intravenously was 550 mg per kg wei^t, and dogs tolerated as much as 
200 mg per kg weight given by month ot intravenous!}' daily for as long as 
20 weeks 

In man, although toxic effects were not observed in early clmical work, 
there was no doubt that gastro mtestinal upsets were frequent enough to 
cause investigators to keep the dose as low as possible Nausea, vomiting 
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and diarrhoea ^^ere seen m a quarter of the patients treated by Hewitt and 
Wood (1953), mainly on a dose of 0 5 G 6 hourly by mouth, and m a similar 
proportion of patients by Finland, Purcell, Wright, and Del Love (1953) 
even though the latter workers gave half this dose at frequent mtervals 
Even in young men, ivith acute streptococcal infections for which treatment 
w as not continued for more than a few days, some gastro mtestmal sjTnptoms 
appeared according to Manning, Jones, and Bigham (1953) Relief frota 
these untoward effects was obtained by giving the antibiotic with Tnill. or 
food but this entailed the risk of poorer absorption of the drug Hewitt and 
Wood (1953) observed skin eruptions on some of their patients, but these 
were not severe or urticarial except in 1 patient with scleroderma and a 
past history of drug sensitization Disorientation and somnolence were 
observed m 2 cases, hut it is very questionable whether these symptoms 
were due to the antibiotic, for both patients were elderly and were at that 
time recovering from a severe pneumonia Complete blood counts, bi weekly 
unnalyscs, and weekly determinations of the van den Bergh reaction, the 
cephalin and thymol flocculation tests, the serum alkaline phosphatase 
activity, the unnary urobiUnogen, the blood urea mtrogen, and the blood 
sugar revealed no abnormalities There was no chmcal evidence of toxic 
effects on the central nervous system or of changes in the reflexes. 

Clinical trials 

Early tnals were undertaken by Bunn and Cook (1953), Finland, Purcell, 
Wnght, and Del Lore (1953), Hewitt and Wood (1953), Manning, Jones, 
and Bigham (1953), and ^Miitaker, Pngot, ilarmell and Morgan (1953) 
FVom these it was concluded that, provided the relatively high oral dose of 
0 6 0 6 hourly was given pneumococcal pneumoma, streptococcal infections, 
and acute staphylococcal infections of the throat responded qmcUy in the 
majority of cases The response m staphylococcal infections of the unnary 
tract or elsewhere was uncertam Gonorrhoea only responded occasionally 
even when treatment was given by intravenous injection, but granuloma 
inguinale responded to carbomjcm given by mouth or intravenously 
Amoehiasis also responded to carbomjcin and the stools of earners were 
frequently cleared by the drug In all these cases the efficacy of treatment 
seems to have been limited by the uncertam blood levels produced by the 
xwaJ admjnuifjafjnD nf dnsfs wiurJb were calculated to produce a mnumiim of 
gastro intestinal disturbance 


THE TREATMENT OF DISEASES DUE TO 
SPECIFIC ORGANISMS 

Streptococcal infections 

These were studied in greatest detail by ifanmng et al (1953) Twentj • 
three young men between 18 and 32 years of age suffermg from pharjmgitis, 
exudative tonsillitis or scarlet fever were treated ivith 0 2 to 0 5 G by mouth 
6 hourly ^ haemolj^ic streptococci were first cultivated from the throats 
of these patients, but could not be cultivated 48 hours later m 18 of 22 cases 
Nevertheless fever persisted in 2, and m one of these streptococci could again 
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be culti\ ated from the throat 96 hours after treatment w as begun In another 
case a relapse wth fever followed after 4^ dajs of treatment From these 
results it might be concluded that carbomycin was not so certain in its 
effects os pemcillm 


Venereal disease 
Gonorrhoea 

No response at all was seen in patients treated with daily doses of 1 to 2 G 
given bj mouth This w as obser\ ed not only by \\ hitaker, Pngot Jlarmell, 
and Morgan (1953) but also by Manning el al (1953) Intravenous admimstra 
tion of 0 5 to 1 G m 1 or 2 injections did, however, result in 3 of 23 patients 
being cured, a not verj successful result m any case 

Syphilis 

Eleven cases of early sj phibs in both men and w omen were treated by 
Buckinger, Hookings and Garson (1955) with an initial dose of 1 G followed 
by doses of 0 25 G The drug was given m sugar coated tablets which were 
taken until a daily dose of 2 to 3 G was reached The whole course lasted 
for 6 to 7 da^s Buckinger et nl noted that the treponemes disappeared from 
the lesions in 80 to 72hours aftcrtliefirstdosc and healing, which began before 
the treponemes had disappeared was complete in 2 to 14 days This report, 
however, was made too soon to provide any information about the serum 
reactions A later report of Hookings and Graves (1056) however included 
the original 11 cases together vnth 29 additional patients also with primary, 
secondary, or early latent syphilis They eventually arrived at a dose of 1 G 
Imtiallj followed by 0 5 G 4 times a day until a total of 41 or 42 G was 
reached They summed up their later results as follow s 

Ptnod bt\ng folloutd No tam 

after Irtalmtnt obaened Setvlogreal leal* CondiC on of CSF\ 

Primary syphilis 


2 weeks-4 montha 

12 

Progressing favourably in 4 
negative m 8 

"Negative i 

n 7 

4 6 months 

8 

Progressing favourably in 3 
negative m 6 

Negative u 

a 4 

7 12 months 

0 

Progressing favourabJj in 1 
negative in 8 

liegative a 

3 3 

13-24 months 

14 

Negative in 14 

Negative u 

ri5 

Secondary syphilis 

12-16 months 

22 

Negative m 22 

Negative ii 

v6 


• Serological test = the VDRL testing using canjiohpin antigen 
t Cntenon of activity = cell count erceedingSpercu mm total protein of more than 
40 mg per 100 ml of fluid 

All cases tested were negative by this cntenon 

Lymphogranuloma venereum 

Whitaker et al (1953) made a trial of carbomycin m 5 cases with genito 
ingumal lesions and associated adenitis These patients all had positive Frei 
tests and positiv e complement fixation tests for lymphogranuloma venereum 
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Given by mouth or intravenously, carbomycm in doses of 0 6 G once or 
twice a day had no effect on the progression of the lesions 

Granuloma inguinale 

Although there was little ezpenroratal work to indicate that carhomj cm 
would be of value m this disease, Whitaker et al (1953) gave the drug to 7 
cases of this disease m the usual dose of 0 5 6 intravenously or 1 G orally 
twice a day The diagnosis m these cases was confirmed by finding Donovan 
bodies in scrapmgs from ano genital lesions The patients did well, with both 
oral and intravenous therapy In 5 cases heahng had occurred before the 
patients were discharged and the remammg 2 cases left hospital voluntarily 
while healing was progressing These satisfactory results from carbomjcm 
therapy were confirmed by Robinson and Cohen (1954) in 6 patients whose 
lesions began to heal even with smaller oral doses of the drug — 0 2 to 0 3 G 
6 hourly The time taken for healing to be completed varied inth the evtcnt 
of the lesion and was accomplished in 9 to 44 dajs 

Amoebiasis 

It 13 doubtful whether carbomycm has a specific and lasting effect on anioe 
hiasis Hewitt and Wood (1953) found that amoebae disappeared from the 
stools of 5 cases under treatment with this antibiotic, and Sodeman and 
Jung (1953) claimed that carbomycm had a specific therapeutic effect on 
amoebiasis of the colon Nevertheless the findings of Seneca and his collahor* 
ators (1953, 1954) lead one to suppose that tbe effect of the drug is likely to 
he short hved, smee tn vitro amoebae rapidly develop the capacity to multiply 
in increasmgly high concentrations of tbe antibiotic 


THE TREATMENT OF DISEASES CONSIDERED BY 
SYSTEMS 

Infections within the Chest 
Bacterial endocarditis 

Hewitt and Wood (1953) gave carbomycm to 6 patients suffering from 
bacterial endocarditis Two of these were due to an enterococcus, 2 to a non- 
haemolytic streptococcus, and 2 to Staph aureus Although the infecting 
bacteria were irdiibited by 0 63 to 1 56 pg of the drug per ml , the patients 
showed only a temporary, if any, response to carbomycm therapy There 
were, however, compheatmg factors m 2 cases One had a large mesenteric 
abscess m the lesser peritoneal sac, and another, with a staphylococcal 
infection, also had acute pyelonephritis with a blood urea mtrogen of 04 mg 
per 100 ml Two patients responded temporarily, 1 with a streptococcal and 
the other ^vith a staphylococcal infection, and, cunouslj enough, these 2 
cases were caused by organisms which were more resistant to carboravcin 
than the others Three of the streptococcal infections responded to large 
doses of penicillin alone or pemeillm with streptomycin or terramjem, but 
the patient with the large mesenteric abscess and the one with p} elonephntis 
died m spite of the administration of these antibiotics 
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Pneumonia 

There were se\ eral early trials of carbomycm in pneumococcal pneumoma 
Bunn and Cook (1953) treated 8 cases from ^hom pneumococci had been 
isolated, some of these 'ucro acutely ill and others critically ill Doses of 
1 25 to 2 G of the drug M ere given daily for periods varymg from 1 to 12 
dajs Of the 8 cases, 4 made a satisfactory response but 3 showed no signs 
of responding and in 1 there was delayed resolution Since pneumococci 
■were amongst the most sensitive of orgamsms to carbomycm this did not 
look a very promising begmmng A careful study was also made fay Finland 
et al (1953) in 40 cases of pneumonia who had not received any other ant) 
biotics for their disease In 31 of these the pneumococcus was isolated from 
the sputum These patients received a somewhat higher dosage than that 
given by Bunn and Cook (1953) The^ were given between 1 7 and 4 G of 
the drug daily Treatment was begun with 0 5 G and m an attempt to mam 
tarn measurable blood concentrations Finland et al (1953) contmued with 
doses of 0 2 G 3 or 4 hourl3 Nevertheless pneumococci were still present 
when the sputum was examined again some time after treatment had begun 
Moreover 6 of the 7 patients who had positive blood cultures did not respond 
satisfactorily Two of these died within an hour after therapy was begun, 
1 received pemcillm before the next culture was taken, and 3 still had positive 
cultures for 2 to 0 daj’s after carbomycm was begun Cultures of the sputum 
were also relatively slow in being cleared of pneumococci In 17 cases m 
which the sputum was tested pneumococci were still present 3 to 6 days or 
more after the begmmng of treatment Finland et al (1953) also tested the 
sensitivity of the infecting pneumococci AH of 20 strains tested were inhi 
bited before treatment by 0 1 to 0 8 #tg per ml , but in 1 patient from whom 
a pneumococcus was isolated 4 dajs after treatment began the inhibitory 
concentration had increased 4 fold This increased resistance under treatment 
did not, however, apply to all strains Finland et al (1953) came to the con 
elusion that the results of carbomycm therapy in pneumococcal pneumoma 
were distinctly inferior to those observed with any of the other antimicrobial 
agents currently in use at the time of reporting Another early senes of cases 
■with pneumococcal pneumoma was studied by Hewitt and Wood (1953) 
These mvestigators gave 0 5 G of the drug 6 hourly, although they were 
aware that few of their patients would have much more than an inhibitory 
concentration in their blood stream with this dose None the less 10 of their 
12 patients did respond to treatment ■withm 4 days The acute symptoms 
and signs had disappeared within this time and pneumococci were no longer 
to be found m the sputum This entenon was however, not stnet enough 
for Fmland et al (1953) who, from their previous experience with other 
antibiotics expected the fever to have subsided within 2 days In studying 
these responses Field and Taylor (1954) wondered whether the result might 
be a question of dosage They accordmgly divided their 28 cases of pneumo* 
coccal pneumoma into 2 groups giving to half of them the dose generally 
prescribed by Hewitt and Wood (1953) i e 0 5 G 6 hourly, and to the other 
half an initial dose of 1 G followed by 0 25 to 0 3 G 6 hourly Ten out of 
the 14 patients treated by the higher dose responded well Four, however, 
did not appear to be recovenng and it became necessary to administer 
pemcilhn With the lower dose 10 patients also made a satisfactorj response 
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and 4 responded slowly When 1 G 6 hourly was given to 1 of these patients 
the temperature fell rapidly In assessing these results it should be borne m 
mmd that the expected course of pneumococcal pneumonia in survivors 
untreated by chemotherapy is by crisis on the 3rd to 5th day of the disease 
The periods quoted here ere calculated firom the first day of treatment 

Other types of pneumonia Several patients with pneumoma due to H 
influenzae have been treated with carbomycm A case described hy Hewitt 
and Wood (1953) responded rapidly after the institution of carbomjcm 
treatment In a patient treated by Finland et al (1953) the organism dis 
appeared from the sputum within 2 days It was quickly replaced however, 
by « haemolytic streptocoeei It should be noted that although this organ 
ism was only found as the pnmary mvader m 1 of the cases descnhed by 
Finland et al (1953) it appeared in the sputum of no Jess than 10 patients 
from whom it v as not originally isolated 

Carbomycm therapy was of no benefit m 2 cases of staphylococcal pneu 
moma treated by Hewitt and Wood (1953) and presumably in the case 
described by Fmland et al (1953) in ntuch Staph aureus persisted in the 
sputum 

Ten cases in which a variety of organisms was present m the sputum were 
treated by Fmland et al (1953) The sputum m these cases contained B 
influenzae, ^ haemolytic streptococci, a haemolytic streptococci, Staph 
aureus, and/or Klebsiella pneumontae Of these patients about half seem to 
have responded to therapy A case with Klebsiella m the sputum was treated 
by Field and Taylor (19W) with carbomycm but showed no chnieal improve 
ment under therapy It is well to remember that exammation of the sputum 
after carbomycm therapy had been begun revealed a number of bacteria w hich 
were not initially found Thus, among 45 patients with pneumonia treated 
by Finland ei a/ (1053) a variety of coliform bacilli appeared m 15, cr haem 
olytic streptococci m 11, B influenzae in 10, enterococci m 3, Staph aureus 
m3 j3 haemolytic streptococci m 2 andmombaml Although not necessarily 
responsible for the pathological changes, each of these organisms is capable 
of becommg pathogemc under suitable conditions They are therefore not to 
be regarded without concern when carbomycm therapy is employed 

Bronchitis 

A prvjrnptl i^aucsl resp'oasv trsg abseaed et ali oF the S pstieats treated 
hy Hewitt and V> ood (1953), m spite of the fact that the sputa of most patients 
showed onlj normal throat organisms In these patients the temperature 
subsided withm 24 hours of beginning therapy 

Tonsillitis 

Six eases nere treated with carbomycm by Hewitt and Wood (1953) 
One -with fusospuochaetal infection responded well, but 1 due to a pneumo 
coccus did not OfS from whom ^haemolytic streptococci ivere isolated only 
1 did ^ell vhile there was no response in a case due to H influenzae Prom 
these findings one might perhaps suppose that the patient mth oral cellulitis 
treated so successfully vnth carbomycm by Kutscher, Piro, ZegarcUi Lane, 
and Segum (1953 o) must hare had an infection of fusospirocbaetal tjTie 
The cellubtis had its origin m a tooth mfection 
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Soft’tlssue Infections 

Several staphylococcal infections of this sort, but not all, ^\e^e treated 
satisfactorily by Hewtt and Wood (1953) A case described by Field and 
Taylor (1954), ^nth nn abscess of the buttock, responded uell to carbomycin 
One patient suffering from erysipelas and treated by Field and Taylor (1954) 
also responded satisfactonJy to treatment 

Urinary Tract Infections 

Groups of patients suffering from urinary tract infections uere first treated 
bj Hewitt and Wood (1953) None of the 6 patients ivith chrome urinary 
infections described by Hemtt and Wood (1953) experienced even sjTapto 
matic improvement, although full recovery could not be expected as 6 of 
them had some obstruction to the passage of unne The infecting orgamsms 
ivere Sir faecaha in 4 patients and Staph aureus in 2 others Trafton and 
Lind (1954) were particularly hopeful In 52 patients with chronic urinary 
tract infections which were mainly resistant to other antibiotics, carbomycin 
was given for 7 daja m doses amounting to 2 G daily In spite of the fact 
that carbomjcin was poorly excreted these workers observed that tlie unne 
frequently became free of bacteria withm 3 days of beginning therapy The 
mamdifficulty appeared to bethe presenceof enterococci In patients mfccted 
with these organisms, although ajmiptoraatio improvement followed carbo 
mycirx treatment, the bacteria persisted When carbomycin treatment was 
prolonged however, 40 cases expenenced chmeal improvement and even 
those with cnterococcal infection remained completely cured 9 months after 
treatment was first begun provided the dose of 2 G daily could be mam 
tamed Although the response was slower when enterococci were the mam 
invaders, these orgamsms did not become resistant to carbomycin As is 
usual, E coh was the commonest secondary invader and if this orgamsm 
became resistant carbomycin was ineffective The mam difficulty m treat 
ment with a daily dose as high as 2 G was diarrhoea and anorexia Half 
the patients taking this dose suffered from these complaints and m some 
patients symptoms were so severe that they necessitated modification or 
interruption of treatment In spite of the low levels of the drug m both blood 
and urme, Trafton and Lind (1954) still claimed that patients responded 
lavourabfy 


CONCLUSION 

The similarity in action between erythromycin and carbomycin calls for 
careful assessment of the relative value of the 2 antibiotics The particularly 
low concentrations found m the blood after practicable oral doses of carbo 
mycin together ivjth the almost exact ooirespondence in cross resistance 
between the 2 drugs, leads one to assume that, in common pyogenic infections 
at least, there is no advantage in using this antibiotic when erythromycin is 
available 
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Tim antibiotic, also known in tins country as ^oiamyctn.Tvas first obtained 
from a soil sample m the north of France A streptomyces called StTeplomyces 
ambofacitTis was the source from which the antibiotic was extracted by 
Pumert Sindico, Nmet, Preud’homme, and Cosar (1955) The extract, when 
punfied, was an amorphous base spanogly soluble in water, the sulphate 
salt was more soluble Its toxicity was relatively low, the LDgg for mice 
bemg 1 5 to 2 G per kg weight by subcutaneous mjection and 0 15 to 0 25 G 
per kg by mtravenous injection Chronic toxicity tests showed that dogs 
could take 0 5 G per kg daily for 4 weeks without signs of ill effects 

Antibacterial activity 

The organisms against which spiramycm was most active in intro were the 
Gram positive cocci pneumococci of various kinds, streptococci and staphylo 
cocci (Chabbert, 1955) Activity was also found against N merungxlidis, 
N gonorrhceae, C diphihinae, and some anaerobes such as Cl perfnngens 
(Ravina, Pestel, Eloy, Duchesnay, Albouy, and Key, 1956 a) Some effect 
against nckettsiae was also claimed (Giroud, 1954) Gram negative organisms 
were not usually sensitive, but some inhibition of Klebsiella, Aerobaeier, and 
Salmonella was produced E coh. Pseudomonas, and Proteus were completely 
resistant (Darbon and Crosmer, 1953) The actmtj of this antibiotic in iiiro 
was less than that of carbomycm or erythromycin, but it was superior to the 
latter drugs in tnto Table 3 shows the concentrations required to inhibit 
various bacteria in vitro Resistance could be developed fairly readily m titre 


Table 3 AynsACTEBLtL Acrmrr rimo op SriRAarrciy 


Organism 

No a/ strains 
tested 

pg per ml required 
Jot inhibition 

A atrogtnta 

1 

31 

Coryuebactenum 

1 

3 

E coh 

1 

31 

Klebsitila pneumontae 

1 

33 

Mycobactenum 

1 

23 

N eatarT?ialis 

1 

10 

N gononhoeae 


B 

Proteus vulgaris 

1 

> 1 500 

Ps aeruginosa 

2 

3 9-> 1,500 

Staph aureus 

18 

14-7 8 


1 

31 3 

Sir /aecalis 

2 

l-> 250 

Sir pneumoniae 

S 


Str pyogenes 



Sir virtdans 

* 
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From the data of Itavma Pestel Eloy, Duchesnay, Albouy, and Itey (105G a) and 
Lepper, Spies, Kellow, Rosenthal, and Plant (1950) 

Trials in tuo showed that mice infected uitrapentoneally with virulent 
haemoljtic streptococci, pneumococci, and staphylococci were adequately 
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protected by the antibiotic Nodules m rabbits injected intradermally with 
rickettsial material shotted a progressive diminution in size when the 
amraals uere treated from the 1st day or later 

Administration 

Spiramj cm is taken readilj by mouth A dose of 0 75 G gi\ en 6 hourly 
produces mean blood concentrations of 2 7, 2 8, and I 6 /rg per ml at 1, 2, 
and C hours after a single dose in adults In children given 75 mg per kg of 
body-ueight per 24 hours in a similar aay, the serum levels usually varied 
between 0 06 and 1 Oftg per ml mth occasional rises to 4 0-8 0 fig per ml 
(Lepper, Spies, Kellou , Rosenthal, and Plaut, 1956) 

Clinical trials 

A number of these have been reported from France Darbon and Crosmer 
(1955) hate treated 17 infections due to Gram positive pathogens with good 
results These infections include bactcnal endocarditis, enterocohtis, pneumo- 
pathies, pansinusitis, and septicaemias of unknovsTi origm, presumably due 
to Gram positive cocci These authors gave doses amounting to 2 to 4 G 
daily for several weeks, until a total of about 100 G had been given The 
antibiotic was uell tolerated, 1 patient only suffenng from a mild gastro- 
intestmal disorder 

Pneumoma has been treated by Renouz, Dupoux, and Huet (1956) 
Eleven patients uith pneumococcal pneumoma recovered eatisfactonly under 
treatment and 7 patients inth pneumonia of unknown aetiology which had 
not responded to penicillin or streptomycin also shoned satisfactory results 
Agam, 18 negroes uith pneumococcal pneumonia were treated by Soulage, 
Cbarmot, and Dclahousse (1056) with 1 5 to 3 G daily All of these patients 
recoiered, even 2 with empjema and 1 with pneumococcal nephritis These 
results are very encouraging since pneumococcal pneumoma takes a partic- 
ularly severe form in African negroes Hudson, Yoshihara, and Kirby (1956) 
treated a third senes of 29 patients with this complamt These patients 
were each given 1 G 6 hourly, and 26 of them responded satisfactorily 

Scarlet fever was treated by Martin, Sureau, Chabbeit, Veron, Martin, 
and Cayla (1955) and the results were compared with a parallel senes treated 
with erythromycin Both antibiotics were found to be equally effective thera- 
peutically but erythromycm w as not so well tolerated by adults as spiramycm 

One case of typhus responded satisfactonly to the admmistration of the 
antibiotic (Renoux et al , 1955) Ravina ct al (1956 n) gave the antibiotic 
to 17 patients with vanous infections These patients did not have a good 
pro^osis, being mainly elderly people The conditions treated were pul 
monary congestion, phlebitis, double pneumoma, staphylococcal septicaemia 
with a renal focus, polymorphous erythema, and chrome osteitis foUoiving 
a compound fracture, and 2 other unspecified conditions in old people of 85 
and 89 All of these patients recovered from their infections Besides these 
impressive results younger people with acute infections also responded well 
and promptly to treatment For exam^e, 1 case with purulent pleurisy due 
to an unidentified organism cleared up after daily doses of the drug by mouth, 
amounting to 3 G in 7 days , 12 pleural washouts inth 0 25 G of the drug 
in sabne were also earned out A case of bronchiectasis in a young man 
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whose sputum contamed staphylococci^ Gram positive rods, and Gram 
negative cocci ivas much improved within 4 days of beguming treatment 
with the drug by mouth the volume of expectoration fell in 16 day's from 
150 ml to 25 ml Endocarditis due to an enterococcus which had resisted 
treatment with oxytetracychne was brought under control Acute infections 
of the throat responded promptly A condition m which fever and spleno 
megaly featured cleared up wthm 15 days Fmally, a whitlow of the index 
finger and 2 cases of furunculosis cleared so readily that, in the former, 
surgical intervention was unnecessary and in the latter the furuncles sub 
sided in a few days Such satisfactory results were not obtamed so uniformly 
byLepper, Spies, Kellow, Rosenthal,and Plaut (1956) These workers earned 
out trials in 124 patients with vanous infections mcludmg acute conditions, 
and others which were supenmposed on chronic disease Divided according 
to the type of bacterium responsible the case results were summanzed as 
follows 

Infections due to ^ haemolytic streftococci 

Forty three cases These meJuded scarlet fever, pharyngitis, and otitis 
media Of these, 36 responded well 

Pneumococcal infections 

Thirty one cases Paeumoma was the mam condition due to pneumocoecii 
but there were also cases of otitis media and pharyngitis Twenty eight of 
these resjionded well but the remainder only fairly or poorly 

Sta^ylococcal infections 

Twenty seven cases The results from treatment of these were the most 
disappointing The conditions treated included soft tissue mfections, 7 out of 
8 of which responded well otitis media, laryngotracheobronchitis, bronchi 
ectasis pyelonephritis and bacteraemia In the latter condition endocarditis 
was considered the mam focus m 2 cases while m the 3rd multiple hver 
abscesses were present In contradistinction to the results in the cases of 
endocarditis treated by Ravina el al (1956 o), none of the latter patients 
responded to treatment In all only 13 of the 27 patients were definitely 
benefited by the treatment Resistance of the infecting orgamsms was 
demonstrated in uio in 3 instances but this does not explam the disappoint 
ing results in half the cases These may possibly be explained by a fact to 
which Lepper et al (195G) themselves drew attention namely the relatively 
low serum levels produced by the antibiotic in spite of continued treatment, 
and the relatively high daily dose necessary These authors also noted that 
the patients m ichom the respome was slow or not apparent received the 
smaller dose of the 2 admimslered In view of the conflicting results obtained 
by these groups of workers it is possible to conjecture that the frequency of 
admimstration of the drug may have had something to do with the low serum 
levels found by Lepper el al (lOuG) If the antibiotic is destroyed or excreted 
rapidly it is obi lous that it requires frequent replacement In the early 
days of penicillin, when supplies were limited, 3 hourly administration was 
required to keep the scrum levels above the concentration required to inhibit 
the pathogemc orgamsms being treated and this regime may also be reqmred 
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wth spiraraycm The only unto\tard effects of the drug m these 124 patients 
were loose stools in 13 cases Although there were no senous side effects, it 
maj none the less be advisable to a\oid such comphcations by not raising 
the daily dose abo\e the 3G given by Lepper tt al (1956) One other 
consequence of importance ttas the finding by these latter workers that, 
although GG4 cultures of Staph aureus obtained from patients and staff in 
one hospital at the initiation of tlie study were inhibited mainly by 10 /tg 
per ml of the drug or less, at a later date a sigmficantly greater number 
were not inlnbited by this concentration This increase m resistance became 
more evident in the second 3 months of the study rather than in the first 
iloreover, although cross resistance between erj’thromycin and spiramycin 
was not common, it did occur (Hudson el al , 1956), and its incidence increased 
as the incidence of erythromycin resistant strams increased Moreover, strains 
of staphylococci liahituatcd to one antibiotic become resistant to the other 
(Chabbert, 1955, Garrod, 1957) 

Gonorrhoea 

A study of 85 patients with this complamt was undertaken by Willcox 
(1956 a) Treatment with spiramycin whether m multiple doses over 1 or 2 
days or m a single dose of 2 to 4 G was remarkably successful The most 
effective regime, however, was that in which the doses were divided and 
repeated frequently In a senes of 31 treated patients, there was one failure 
only WiUcox also commented on the lack of significant side effects from 
treatment avith this antibiotic 

Non gonococcal ureihntts 

Again Willcos (1050 b, 1957 a) made a trial of spiramj cm in the treatment 
of this condition Eighty seven patients were treated Although the aetio 
logyofthediseasomight be indoubt as OOpaticnts admitted having previously 
had venereal disease, serological evidence of such was present in 8 only and 
the gonococcal complement fixation test ivas positive in only 2 Treatment 
consisted in admimstration of tablets of spiramycm 4 times a day for 5 days 
till a total of 10 G or 20 G had been taken The results were not so successful 
as those from the treatment of gonorrhoea, 9 patients failing to respond out 
of 33 patients given the higher dose and the same number out of 44 given 
the lower dose On comparing these results with those obtained trom the 
treatment of non gonococcal urethritis with 10 other antibiotics, only the 
tetracychne group had proved slightly more successful (Willcox, 1957 a) 

Amoebiasts 

Bonan, Khian, Boisom, and Dupoux (1956) treated 14 patients with 
intestinal amoebiasis m whose stools amoebae were found The dose they 
gave was 3 G daily for 3 to 10 days The patients’ response was favourable, 
their symptoms disappeared in the first few days of treatment, and their 
stools were free of amoebae after the first treatment Again the tolerance 
to the drug was remarked on, no side effects bemg observed 
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OLEANDOMYCIN 


First described by Sobm, Engbsh, and Celraer (1955), P A 105 or oleando 
mycm (also known as Romtcil and Matromycxn) was found to be a basic 
antibiotic derived from a strain of Sireptomyces antibioticus It was distin- 
guished from other antibiotics by paper chromatography and infra red spectra 
When left to stand for 24 hours at room temperature solutions m water were 
stable, showing no loss of activity at pH 2 2, 6, 7, or 9 


Antibacterial activity 

Tlie prmcipal character of oleandomycin is its activity against Gram- 
positive bacteria, among them being the staphylococcus, but it also inhibits 
mycobacteria, rickettsiac, large viruses, and certam protozoa Except for 
Neissena, Haemophilus, and Brucella, it is not active against Gram negatii e 
bacteria 

Table 4 gives a list of bactena and the concentrations which inhibited them 
tn vtlro 


Table 4 Acttvtty in vitro of OLEANnorycur 


Micro organism 

Minimal inhibiting 
concentration [pg [ml ) 

M pyogenes var aureits* 

< 019-22 5 

„ albus 

0 78-2 5 

Sir Jaeoalis 

0 312-4 8$ 

Sir pyogenes 

0 078 

Non haemolTtic streptococci 

< 0 09-3 

Sir iindans 

< 0 160-1 25 

Bacillus Bublths 

0 39 

Bacillus anihracis 

0 78 

Bacillus myeoides i 

166 

Erysipelolhrix rhusiopalhxae 1 

< 019-0 39 

Dipl pneumoniae 

< 0 07 SO 

C dtphlhenae 

1 56 

Listeria monocytogenes 

; 078 

Cl telarii 

1 6 55 

Cl sporogenes 

3 13 

jlf^cobaeteria plilei and smegma 

1 66 

Mycobacterium tuberculosis H37 Rv 

< 100 

, ,, (bo\ine) 

I2 25-< 100 

Brucella bronchiseptica 

6 25 

Aeimria catarrhalis 

3 12 

Neisseria meningitidis 

1 66 

Neissena gonorrhoeae 

3 12 

Haemophilus influenzae 

0 078 

Other Gram negative bacteria and Candida albicans 

> 100 


After Sobm « ol (1055) Garrod (1957) Fust Bohiu, Zbmden, and Studer (19',0), and 
Hjbbj Celmer Lcnert PifcuJa Vrabec Donikian Dify. and (1957) 

* Staj’^'jlocoeeua ourtiu m Cnfltsh toxts. 
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Beststanee 

Comparison of the mmimal concentrations of oleandomycin required to 
inhibit 21 different strains of StajA aureus ^nth those required by pemciUm, 
sfreptomj cm, the tetracyclines, chloramphenicol, polymyxin B, or bacitracm 
showed that there w as no cross resistance, but one strain which had developed 
resistance to carbomj cm and erythromycm in the laboratory was also found 
to be resistant to oleandomycin Work on enterococci and staphylococci 
isolated from urinary tract mfeebons by Trafton and Lmd (1957 a and b) also 
demonstrated cross resistance to the 2 antibiotics Companson of the suscep 
tibihty in utro of the organisms they isolated to erythromycm and oleando 
mycm show ed that whereas those that were sensitive to erjdhromj cm were also 
inhibited by oleandomycm, the reverse did not hold good Strains of either 
species which were resistant to erythromycm were not always so to oleando 
my cm cross resistance therefore was not complete 

There was good therapeutic activity against experimental infections m 
mice ^vlth Sir pyogenes and Staph aureus All ammals survived for 96 hours 
afterintrapentoneal inoculations with lethal doses and subcutaneous mjec 
tions of 30 to 60 mg per kg of the drug begun half an hour after infection 

The toxicity of oleandomycin was not great as judged by experiments on 
mice The LDjo for these ammals was MO mg per kg body weight when 
given intravenously I.ater work on rats, dogs, and monkeys by Sorensen, 
Fisken Reutner, Weston, and Weston (1957) showed that though the acutely 
toxic dose produced by intravenous injection in rats was about half as high 
as that for mice, chrome toxicity tests m dogs revealed that these ammals 
could tolerate oral administration of as much as 300 zng per kg of weight 
daily for 6 days a week over 40 to 41 weeks Monkeys on a similar regime, 
however, were not free from some disturbance of the blood cell counts and 
one ammal, on death, showed a marked degree of nephritis 

Because of the cross resistance induced m strams of Staph aureus to 
erythromycm and oleandomycin confirmed by Needham and Geraci (1956) 
and Noyes, Nagle, Sanford and Robbins (1956), there was delay m making 
this antibiotic available to the medical profession However, when English, 
McBnde, van Halsema, and Carlozzi (1956) had demonstrated synergism 
between oleandomycm and tetracychne against selected orgamsms and the 
abihty of the combmation to retard the emergence of resistance m certain 
strains of Staph aureus and Str pyogenes, the combmation was made available 
as Sxgmamycin Unfortunately Garrod (1957) could not confirm the syner- 
gistic activity of these 2 antibiotics against Staph aureus, nor could Fair 
brother and Southall (1957) do so often or to any extent This does not 
necessarily mean that some delay in the appearance of resistant strams may 
not be accomplished by use of the 2 drugs together 

Administration 

Oral admmistrationhavmg beenfound to bepracticablem ammals (Kazenko, 
Sorensen, Wolf, Dili, Galbraith, andGIazko (1957) Baadj, Corbin, and Prigot 
(1957) assayed the concentrations to be found after oral admimstration m 
man A dose of 500 mg was given every 4 hours from Sam to 8 p m the 
next day to 60 male patients or a 1 G dose was given at 8 a m and 8pm 
The concentrations these workers found are given on p 62 
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ng, per ml jr the blood sentm «4 dtffertiU times titcrmj admmistraUon of 
oleandomycin by moulh 

I" mtd 

J>oit $am 9«rn littcon 4 pm tpm mgM lam iam IS noon 

600 mg 4 tionrl? 

8 tm. to 8 pm 0* 0-126 0-0 « 0-1 ZS 0-126 0-2 6 0-6-0 0-0 8 O-iSS 

ATenge 0815 0292 0T68 OSTT 1-2C8 1 S69 0 g-S 0 "88 

1 Gat 8 am. and 0* 0-0 6 0 166- 0 31- 0-0623 0-1 ‘’S 0-1-03 0-0 312 0-2 5 

8 p m. 1 26 2 15 

Average Pan 0~4 1810 0312 0 614 0331 0187 146 

* Control aaaara made before loieetlofl of oleacdomycie 

These assays do not tell us very much except that with doses planned 
according to these tno schemea it is obvious that bactena would have to be 
inhibited by 1 per ml or less m order to be controlled by oleandomycin 

Clinical trials 

When given alone oleandomycin yet produced satisfactory results m a 
number of infection’ Hunger and Schutze (1956) described its use in 90 
patients suffering from suppurative processes caused by staphylococci, strep 
tococci, enterococci or pneumococci Oleandomjcin was sdmnustered as 
tablets or ampoules 4 or 8 hourly in an average daily dose of 33 mg per kg 
ofbodj weight ThisusuallyamountedtofiOOnig given 4 tunes a day A few 
patients were given the drug intravenously or intramuscularly as 1 0 per 
24 hours over 8 to 10 days Tolerance to the drug was good and the 
therapeutic results were excellent m 6S patients vnth pneuraorua, pulmonary 
abscesses, empyema furunculosis, sore throat, staphylococcal infection of the 
skm, endocarditis caused by micrococci,* parotitis, urinary tract infections, 
and ormthosis 

Hunger and Schutzc earned out sensitivity tests on pnmanly isolated 
bactena and found 95 per cent of them, though resistant to pemcillm, 
streptomycin, or tetracycline, were sensitive tooleandomycin Threestrams 
which were resistant to erj^thromyem and penicdhn. were also resistant to 
oleandomycm These authors also stated that acquired resistance to oleando- 
mycin was slow A higher dose was chosen by Siegenthaler, Reiser, and 
HeggUn (1956) who gave their adult patients 1 5 to 2 G 6 hourly and 40 mg 
per kg body weight daily to children There were few if any side effects in 
their 216 patients, 1 instance of enterocolitis not being with certainty’ 
ascribed to oleandomycin These workers considered its action to be similar 
to that of erythromyem they also found instances of pnmary and acquired 
resistance among the infections treated There were casts of atypical pneu 
monia, Q fever, and leptospirosis which Siegenthaler et al thought were 
favourably affected and 0 earners of C dtphiheruzt were cleared of their 
earner state These workers concluded that oleandorayan had been a useful 
therapeutic agent but thought it should be given with another drug to pre\ ent 
resistant infection from developing Another enthusiastic report was that 
of EsseUier and Keith (1950) who treated 412 cases with the antibiotic They 
found the results were particularly good m upper respiratory tract infections, 
in pneumonia and pulmonary abscesa, also in various soft tissue infections 

I Uiiislly described aa Btapbyloeocci *n English teita 
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and osteomj ehti3 (generally supposed to be staphylococcal in origin), and a 
number of other inflammatoiy conditions including unnary tract infections 
duetoGram positive organisms What is more surpnsing is that they reported 
good results from the treatment of Q fever and virus pneumoma 

Diphtheria 

A trial of oleandomycin in diphtheria and diphtheria carriers was earned 
out by Gaghardi (1956) who treated 73 patients, mainly chddren Seventeen 
of these had pharyngeal diphtheria, 2 nasal diphtheria, and 54 ivere carriers 
The children w ere gi^ en 100 mg as a pdl every 3 to 4 hours for 5 to 6 days 
There were no untoward aide elfeets and C dipMhertae disappeared from the 
nose and pharynt in about half the time that is usually expected Carriers 
were free within IG da>s in OOjiercent of the patients mstead of taking 26 to 
40 days to lose the pathogen As the cases of diphthena were mild, Gaghardi 
did not feel justified m pronouncmg on the chmcal effects of the treatment 

Gonorrhoea 

Sevontj one male patients anth acute gonococcal urethritis were treated 
by Marmell and Prigot (1957 o) In order to find the most satisfactory 
scheme of dosage, Harraell and Prigot divided the patients into 3 groups, 
the first receiving 400 mg in gelatin capsules 3 times a day for 2 consecutive 
days, the second the same dose 4 times a day over the same time, and the 
third 1 G to start with followed by 500 mg 6 hourly for 5 doses With a 
criterion of cure which postulated that tho uretliral discharge should have 
disappeared and smears and cultures bo negatue for 3 consecutive days 
following treatment, their results were as follows 

Dosage Total patuntt Total obtened* No cured No faded 

1st 13 11 7 4 

2nd 41 30 25 6 

3rd 17 10 9 1 

• Beinamd«r faded to report for tho fall period of observation 

From these results it would appear that, provided patients are wilhng to 
submit to treatment for 2 days their acute attacks of gonorrhoea should be 
cured mth a course of 1 G followed by 600 mg 6 hourly 

Granuloma inguinale 

Three patients anth lesions about the anus or labia mmora were treated 
by Jlarmell and Prigot (1956 o) The diagnt»i3 was confirmed by finding 
Donovan bodies in smears and then havmg negative Frei and Ito Reinstierna 
tests They received 250 mg by month 4 times a day till healmg had taken 
place While admitting that the rate of healing depended on the extent of the 
lesion, Marmell and Pngot were able to observe that each lesion did heal on 
total doses of 25, 30 and 76 G reflectively in spite of their bemg present for 
periods of up to 6 years before treatment 

Unnary tract infections 

Trafton and Lind (1957 6) having carefully selected patients with staphy- 
lococcal and enterococcal infections which were not resistant to oleandomycm, 
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1 e to 12 5 /Ig per ml , treated 14 eases with I to 2 G dailj for 10 days to 
3 weeks Descnbmg ‘ cure ’ as ebnunation of pyuna or sterilization of unne 
and ‘improvement' as marked decrease in pyuna, these workers found that 
6 patients were cured and 5 improved As the majority of them were suffering 
from chronic disease or had some obstmction to the flow of unne which had 
required operative measures, the results appear remarkably good and 
support the contention that for an antibiotic to have an effect, the respon 
Bible orgamsm must be susceptible Yet this is not the only factor necessary 
for recovery 


Clinical trials of combinations with oleandomycin 
The experimental basis on which therapy by combmations mth oleando- 
mycin was built began with the work of English et al (1956), by which they 
found greater activity against vanous o^amsms than was possessed by either 
drug separately uhen oleandomycm was combined vith tetracjcline in the 
proportion of 1 2 Other investigators observed the effect on the inbibitoiy 
activity of the plasma m patients receiving oleandomycm and pemcillm Jones 
and Finland (1957 h) compared the height of blood levels after administering 
by mouth eqmvalent doses of the 2 antibiotics together and separately Using 
as their test organisms Str haemcli/tieus 98, SlapTi pyogenes 209 P, or Slaph 
pyogsTiss 2351, they found that the inhibitoiy concentrationrosetoodistznctjy 
higher level after admimstration of combmations of the 2 antibiotics than 
after oleandomycm given alone, but that the oleandomycin constituent of the 
combination ensured mamteoance of inhibitory concentrations for a slightly 
more prolonged period than did pemciUm alone Comparing the activity in 
ittro of the salt oleandopeo , made up of 2 parts of oh&ndomycin to 1 part 
of pemcilliD, with that of pemcillm G and of oleandomycin, Hobby, Celmer, 
Lenert, Pikula Vrabec, Donikian, Daly, and Sarroco (1957) found that the 
salt inhibited strains of 5ir haemt^yticus, Dipl pneumoniae, and enterococais 
m concentrations as low as those required with the more active antibiotic alone, 
but with certain strains of Staph aureus this concentration uas lower than 
that required by the more active antibiotic separately When assaying the 
inhibitory activity foimd m the serum of man after oral administration of 
oleandopen, Payne, Hobby, Thornhill, Terry, Hackney, Spurlock, Syphax, 
Daly, Sarroco, and llacNeil (1957) concluded that the salt was readily 
absorbed and that it produced jmtiall^ high levels maintaimng inhibitory 
concentrations over 8 hours Addition of peiuciUm G to the combination 
raised the imtial concentrations without having much effect on their mam 
tenance From their assays they recommendeda dose of 500 mg of oleandopen 
every 8 hours as sufficient to maintain inhibitory levels These studies appear 
to show that the salt oleandopen may be useful for certain staphylococcal 
infections where sensitivity tests have mdicated that it is more active than 
oleandomycm or pemcillm alone Climcal trials m 7 patients mdicated its 
therapeutic effectiveness wathout coinpanson vith the outcome in similar 
conditions treated with oleandomycm or pemalhn alone The salt was not 
free from producing side-effects in the form of diarrhoea 

Other trials have been made with combmations of oleandomycm and one 
of the tetracyclines, that with ovytetracycline was described as PA 765 and 
that with tetracycline as PA 775 (known also as Stymamycin) In each the 
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proportions ■were 2 of the tetracycbne to 1 of oleandomj cm Acute and 
chronic to-^city in animals having been showm to be of a lo^\ order (Kaiser, 
Mazzarmo, Bajek, and P An, 1937), the way was open for clinical application 
Though no enhancement of activity in the plasma ■was observed against a 
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Fjo 26 Composite figure showing »v«*ge levels of mlubiiion of iSir 98 after ingestion 
of doses of 1 000 mg each of tetraoycline of oleandomycin or of 500 rug tetracycline 
together with 600 mg of oleandomycin 

sensitivity tn viiro of Ssr 98 It> tetrscyclino— 2 3±I 6/jg per ml 
sensitivity in vt(ro of Str 98 to oleandomycin— 3 8±0 0 pg per ml 
(From Jongg and Finland New Etvfl J iled 1057 6 257, 536) 


staphylococcus or a streptococcus by Jonra and Finland (1937 h) when doses 
of each of the antibiotics were gives, is cosjusctios or their equiysicjita 
separately (Fig 2 a and b), there should be some hope of dealing with mixed 
infections and of delaying the eroeagence of resistance in an infection "which 
was imtially susceptible Such results, however, do not seem to have been 
observed in cUmcal tnals 
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Gonorrhoea arid lymphogranvloma tenereum 

The only senes of cases of specific infection which were treated seem to be 
those of ilarmelJ and Pngot (}95T aandb) They treated both conditions with 
the oleandomycin oxytetracyclme combination To 30 male patients with 
acnte gonorrhoea were administered either 500 mg to start inth, followed 
by 250 mg 6 hourly for 2 doses, or 500 mg 3 times m 1 day After the first 
treatment there were 5 failures among 20 patients and, after the second, 
1 failure among 10 Comparison of these results with those obtamed by 
these tt orkers using oleandomycm or oxytetracycline alone (Wnght, Sletzger, 
Beinfield, Di Lorenzo, and Jlarmell, 1951 a) shows that httle if anythmg 
was gamed by usmg the combination Three patients with lyrophogranu 
loma venereum were also treated with the combmation, this time by only 
250 mg given 4 times a daj for 15 to 20 daj-s Under this treatment all 
lesions healed Such a result conld hardly be bettered without carefully con 
trolled trials but they were certainly equalled by oxytetracyclme m the 
hands of these same workers and their colleagues (Wnght et al , 1951 a; 
Wright, Parker, Allen, and Beinfield, 1951 6) 

Mtseellaneous clinical InaU 

Two hundred and fifty sls patients, both children and adults, suffering 
from conditions not considered to endanger life were treated with one or 
other of the combinations by Carter and Maley (1957) The responsible 
orgamsms were considered to be Staph aureus. Staph albus, a streptococci, 
Sir faecaUs, pneumococci, Klebs pneumonxae} A aerogenes, and Proteus 
species, most of which were resistant to oneormore of the foUowmg antibiotics 
pemcillm, tetracychne, erj'thromjcin.and chloramphenicol PoUow'mg treat- 
ment with 1 or 2 capsules each containing 250 or 300 mg of ‘total antibiotic 
activity’, 4 times a day, the patients recovered from their vanous mfectire 
conditions which mcluded pharyngitis, bronchitis, bronchopneumonia, lobar 
pneumoma, osteorayehtis, ceUuhtis pyogenic artbntis, and gastro enteritis, 
f heir temperatures being normal in 1 to 4 daj’s There w as I failure, however, 
ID a patient with osteomyelitis due to an unidentified organism and I death 
m a patient with an herpetic infection and suspected bronchopneumonia At 
autopsy this patient was found to have extensive herpetic lesions of the 
trachea and bronchi a condition which could not be expected to benefit from 
fftese andxhixr^fes- was no ga5i*A? ii’staier&aceoterid^ttco ihsi 

the elements of the blood had been affecled One skin eruption appeared 
3 days after treatment had been stopped Shubin (1957) also made a tnal 
^nth the tetrac\chne-ole'indomjcin combmation m a miscellaneous group 
of infections He treated 167 patients whose infections Mere due to organ 
isms insensitive to the mam antibiotics and 40 in whom the organisms were 
sensitive to them llith a dose of 500 mg admiiustcrcd 3 hourly to start 
with but with graduallj increasing intervals between doses he found the 
results encouraging and m some patients he considered the effect of the drug 
had been life saving 

Other trials in the treatment of bacterial diseases were made by La Caille 
and Prigot (1957) and Winton and ChesroM (1957), and of tropical infections 
by Loughlm and Slulbn (1937) From their reports one concludes that 
I TJffnally known &s EaciJltu/nedlanderi m Engluh tcxln 



Chapter 2 0LEA2^D0'^IYCI^ 67 

either combination, in doses of approximately 300 mg every 6 hours, had a 
favourable influence on soft tissue infections presumably due to Gram 
positive bacteria, causing inflammation to subside, and limiting the number 
of cases rcquinng incision and drainage as well as the extent of the incisions 
In tropical infections both combinations were found capable of nddmg the 
faeces of E hxstolytxca, in both cjst passers and patients with symptoms of 
amoebiasis of ensunng healing of j awa, lymphopathia venereum, and tropical 
ulcer These latter tuo conditions were treated topically as well as by mouth 
All the patients with tropical diseases were treated with higher single doses 
than those used for bacterial infections, usually being given 3 to 6 capsules 
(600-1,200 mg of the tetracycline and 300-600 mg of oleandomycin) once 
daily, but healing progressed m spite of the relatively long intervals between 
administration No toxic reactions of significance were observed except a 
mild stinging from local application (Loughlin and MuUm, 1957) 

Diseases of the skin — acne 

Combleet and Firestem (1957) attempted to assess the effect of oleando 
mj cm and tetracycline {Sxgmanycin) on 26 cases of acne Treatment was 
necessarily prolonged, leadmg these investigators to make their assessments 
after 2 weeks’ and after 8 weeks treatment Four capsules were given each 
day or, sometimes when response was not apparent, the dose ivas mcreased 
to 8 capsules With increase m the dose gastro intestinal upsets were ob* 
served such as bloating wath much flatus or diarrhoea Nevertheless m those 
patients who persisted in their treatment improvement was usually evident 
The results were as follows 

Duration oj No oj RuxilU 

trtatfTKnt patient* Good Fair Poor 

2 \rooks 26 5 16 5 

Sleeks 19 9 8 2 

No note was made of accompanjang pyogemc infection or of any bacteno 
logical examinations There is thus some reason to wonder whether the 
improvement noted w ould have occurred with the passage of time and without 
the help of antibiotics 

Conclusion 

From the results of clinical trials it would seem legitimate to conclude that 
oleandomycin has proved effective in acute infections caused by Gram* 
positive bacteria There is some doubt as to its abihty to control chronic 
infections where treatment must be prolonged Because of the nsk of cross 
resistance manifested by some staphylococci to it and to erythromycin, it 
would seem advisable to limit the use of oleandomycin to patients or institutes 
where erythromycm is not employed 
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ANTIBIOTICS WHICH CONTROL THE 
STAPHYLOCOCCUS AND OTHER 
GRAM-POSITIVE BACTERIA 


>OVOBIOClK, VANCOMYCIN, RISTOCETIN, STAPH\LOMYCI^, 
AMPHOMXCIH 


NOVOBIOCIN 

GENERAL CONSIDERATIONS 

T his antibiotic was prepared separately in the laboratories of the tipjohn 
Co . of the Chemical Dinsion of Merck A Co , Inc , and of Chas Pfizer A 
Co It was originally thought to be a number of different antibiotics, >\hieh 
were given different names streptomncin or Albamijctn, Calhomycin, and 
Cardtlmyc\n The resulting confusion was eventually reduced vhen it was 
found that all these compounds bad the same comYtosiUon and actinty 
(Hoeksema, Bergy, Jackson Shell, Hinman, Fonken, Bojack, Caron, Ford, 
Devries, and Cnim, 1950 Jones Nichols, and Finland, 105C, IVelch and 
Wnght, 1955) The name ‘novobiocin was given to the antibiotic hy the 
American Food and Drug Administration (1956) 

Novobioem was obtained from a newly discovered species of streptomyces 
called Slrep(omyC€3 spheroides or mtews', which grew m an old sod pasture 
in Vermont, USA (WaUick, Harris, Reagan, Ruger, and Woodruff, 1950) 
According to these workers it \vas isolated in crystalline form by Kazka, 
Rathe, and Folkers Unlike erythromycin and its alhes it is weaklj acid in 
reaction, the sodium salt is soluble m water, but the calcium salt is more stable 
in solution (Council on Drugs, 1957) 

Studies of its antibacterial action by Waibcfc ei al (1956) indicated that it 
had some activity against Staph aureut, Str pneumoniae. Sir pijogtnea, 
and5tr faecalis and also against the Gram negative rods, iSAijeHa and F coU 
Verwey Miller, and Vest (1950) earned out more detailed studies using an 
amorphous mono sodium salt of the antibiotic These testa, together with 
others made with the crj'stallme material form the basis of Table 5 given 
below 

From Table 5 it is seen that staphylococci arc most uniformly susceptible to 
the antibiotic The Gram negative rods, except for the haemopluli, are the 
least susceptible Streptococci vary considerably in their scnsitmtj The 
uniform susceptibditj of staphylococcal strains to novobiocin was confirmed 
by disk plate methods by both Rantz, Randall, Thiim, and Barker (1957) 
whose 41 strams isolated from different patients were all inhibited b\ 1 to 
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10 /tg per ml , and by Fairbrother and Wdbaras (1956) whose 470 strains 
freshly isolated from infective processes were all inhibited by 10 fig per ml 

Table 5 ANTiBACTERrAL Aenvrtr op Noiobiocin vitro Agaikst 
Organisms PATnooEiao to Mak 


Sptcita 

ho of alratns 
tested 

pg per ml required /or 
inhibition 

/I aerogenta 

17 

50-> 400 

Hr abortus 

1 

31 2 

C diphltieriaa 

6 

0 2-0 7S 

E coll 

14 

100-400 

E rktiaopathiaa 

1 

25 

H periusata 

1 

0 06 

H wfluentae 

6 

0 4-0 8 

Elabatalla pneumontae 

3 

18 8-> 200 

J/yeo tubercvloaia 

1 

31-62 

N nttnmgtltdia 

a 

0 39-J 6 

N gonorrhoeas 

3 

0 4-6 3 

Paateurellft species 

14 

16-12 5 

P vulgarta 

52 

1 5-> 100 

P tniraSifi^ 

10 

25-100 

P morgan* 

6 

60-100 

P reUgerx 

3 

60-400 

Other proteus 

18 

1-400 

Pa aeruginosKi 

9 

60-500 or more 

Salm tffphosa and other salmonellao 

23 

1 12 6->400 

aonns\ and ahigas 

6 

38-> 400 

Staph aureus 

137 

, 0 05-5* 50* 

Str pyogenes 

40 

0 2-100 

Btr pneumoniae 

32 

1 0 2-12 5 

Str /aeealia 

22 

31 25 

Str vtndana 

14 

3 l-lOO 


• Majority inhibited by 0 30 to 1 66 jig per ml 


From the data of Lm and Conell (195C)> Frost, Valiant, ^McClelland, Solotorovsky, 
and Cuckler (I9S6) Lubash, Voader Meulen Bernstein, and Tompsett (1936), Martin, 
Heilman, Siichols, ^\ellman, and Geroci (1965) Jones Nichols, and Finland (1956), 
Simon, iMcCune, Dineen, and Rogers (1056), Verwey Miller, and IVest (1956), IVatlick, 
Hams, Reagan, Ruger, and Woodruff (1956) 

Acfents affecting the activxtif of notobtoctn 
Uamg a staphylococcus as the test oi^anism, Jones et al (1956) found that 
defibriuated horse blood or serum decreased the activity of the antibiotic 
The inhibitory effect of serum increased with concentration, and the bacten* 
cidal action of the drug was also interfered with These findmgs were con* 
firmed by Martin et al (1955), Kirby, Hudson, and Noyes (1956), Lubash 
et al (1956), and Simon et al (1956), and were extended to other organisms 
such as the enterococcus Bovme albumm was found to interfere as well as 
serum Lowermg the pH of the broth medium from 8 1 to 5 4 improved the 
antibacterial action but, according to Lubash et al (1956), not sigmficantly so 
The size of the inoculum also affected the activity of novobiocin , the heavier 
the inoculum the less active the antibiotic The action of novobiocm was 
found to be bacteriostatic rather than bactericidal except in concentrations 
many times greater than those inhibiting the growth of the staphylococcus 
(Lm and Conell, 1956) 
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Acquired resistance 

Unfortunately resistance could be induced tn vitro quite rapidly, all strains 
of staphylococci studied by Jones et al (1956) becoming resistant to 400 /ig 
per ml after as little as 7 to 20 subcultures Lubashe/a? (1956) succeeded 
m producing 125 fold resistance in 1 strain over 12 transfers Pneumococci 
also developed resistance, but more slowly No cross resistance could be 
demonstrated between novobxocm and peiuciUm, streptomycin, oxytetra 
cyclme, chlortetracycline, chloramphemcol, erythromycm, or cycloserine 
(Bayne, Strickland, Gylfe, and Boger, 1956, Coppo, 1957, Martm ei al , 
1955) It was this absence of cross resistance which distinguished novobiocin 
from the erythromycm group of antistaphylococcal antibiotics described 
m precedmg pages With vancomycin (p 71) a certain degree of cross 
resistance was observed by Scbneierson and Amsterdam (1957) A curious 
feature noted by Ian and Coriell (1056) was that some of the strains origin 
ally resistant to the commonly used antibiotics became sensitive to 
pemciIUn agam once resistance to novobiocin was induced This occurred in 
4 strains out of 10 tested, but may be coincidental This finding still awaits 
confirmation 


Effect on experimental infections tn animals 
As soon as it became available novobiocin was compared with other anti 
biotics in ezpenmentaU} mduced mfections m animals In mice, it com 
pared favourably inth erythromycm m acute and chrome staphylococcal 
infections Although the majority of animals survived, staphylococci were 
not, however, cUmuated from the tissues (Martin et al , 1956 a) Novobiocin 
was less effective than erythromycin m streptococcal and pneumococcal 
infections Novobiocin was also found to protect mice irom infections with 
Past multocxda, Proteus vulgans, and H influenzae (Bajme ei al, 1956, 
Simon et al , 1950} It had no therapeutic activity agamst experimental in 
fections with tubercle, fungi, nckettsue, or viruses (Frost et al , 1050), nor 
against Ps aeruginosa or S typhi infections (Bayne ef al , 1956} 


Administration 


Administration by mouth 

Concentrations in the blood have been delermmed after doses of the drug 
given by mouth Accordmg to Lm and Conell (1956) these are relatively high 
in children compared with the levels attained by other antibiotics with simifar 
doses, and many times higher than the concentration required to inhibit sensi 
tive staphylococci The levels following different single doses are given below . 


Do*t 

(m mj per 

leg body Ao 0/ pg per ml at hourt ojur dote 

vngU) taau Dtfttuet t S 4 S-S 


10 


JO 


3 Tet«nus I ^ S*->64 Bl-«0 13 5-3J 

Acute poliomyelitis i 

11 Meningitis (H »nyfu«u3«)\ 

Poliomyelitis (4) * 

Convuls ons 
Hesdache 
None (4) 

3 Tetsnus 

Pol orayelilis 
Meningitis {fl tnjtum.aa)l 


'2*->100 ft->84 <4.>84 


32 90 29->e4 17-.>64 


7-S 

7.25 


<4-54 

14 3: 
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In adults concentrations were also found to reach high levels 



^o of 


ftg pernd 

“e 

1 

1 

1 

dose 

Dose 

stAjects 

0 

I 

2 

4 

6 

0 25Q 

7 



6 32-114 

2 4-33 

7 24 6 


6 

<2 

8 

10 

8 

<3 

06G 



0-613 

6 4 84 

12-60 

I 6-100 



<3 

18 

25 

20 

10 

1 OG 


<3 

25 

35 

60 

40 


From the data of Bajue e< af (1956), Lubaah etol (1956), ilartm et al (1055), and 
Simon rial (1956) 

A\ erago % aluea m italics 

Stuch higher average values were obtained by Nichols and Finland (1956) 
24 hours after C hourly treatment commenced after 0 25 G , 60 , after 

0 5 G , 76 /ig , after 0 5 G , 8 hourly, 33 4 /ig , and after 1 G 6 hourly, 48 fig 
per ml 

^Vhen doses wero repeated it was found that concentrations increased over 
6 dajs It was therefore considered advisable to limit the frequency of 
admmistration to 6 hourlj with low doses of 0 25 G , and 12 hourly as doses 
mcreased to 0 6 G (Ojuned on Drags, 1957) 

Iniramvscular admimslratton 

This method has been found useful at times nhen patients refuse or are 
unable to swallon the antibiotic In 7 patients given 0 25 G by mjection the 
concentrations found m the serum by Lubash e( al (1056) were as follows 
Amount vtjecUd ng ptr m{ at }iOw$ afltr do$e 

12 4 6 

0 35G 3 3 12 8 3 3-13 8 1 6-6 4 0-16 

Till the report of David, McCawlcy, and Debult (1 057) this form of adimmstra. 
tion was painful and therefore to be avoided if possible 

Distribution In body fluids and tissues 

Assays earned out by Lubash et of (1956), Martm et af (1955) and Simon 
etal (1950) after at least four 6 hourly dosesofO 5 G by mouth showed that, 
with the exception of the cerebrospinal fluid of patients without inflamed 
iiiesjxiges, nicest hedy £uids etwisjaed JtJoyniooraD jjo easily deteefaiJe rrm 
centrations This applied to ascitic flmd pleural fluid, bile, and urine In 
ascitic and pleural fluids the concentrations were lower, but in bile and urme 
they were higher than in the serum However, only a fraction of the dose 
given appeared m the urine during the first 24 hours after ingestion of 0 5 G 
of novobiocm 

In the faeces, 12 hours aftCT 6 hourly doses had been given for 24 hours, 
novobiocm appeared in greater cxmcentration than in the serum In thyroid 
tissue the amount found vaned from none at all to one quarter of the con* 
centration found in the serum In do^ treated for 60 daja the distribution 
in tissues was found to be widespread, bemg highest m the bile Iiluch lower 
concentrations were found In the Uver, lungs, serum, kidnejs, spleen, and 
brain, m that order None was found m the cerebrospinal fluid (Larson, 
Connor, Swoap, Runnels, Prestnid, Eble, Freyburger, Veldkamp, and 
Taylor, 1956) 
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Toxicity 

Toxicity tests carried out on laboratory animals bj Larson ei a? (1956) 
showed a moderate toxicitj for mice and gumea pigs m acute tests Short* 
term mtravenous administration to dogs produced changes m the liver and 
kidneys, as well as transient haemoglobiaaemia and irritation of the veins 
through which the transfusion was bemg given Chrome toxicity studies in 
rats and dogs, however, produced no significant changes in the organs, and m 
cats subcutaneous administration did not affect the 8th cramal nerve nor 
have any demonstrable systemic ill effect Repeated mjections over 70 days 
caused considerable local injury to muscle, but no other toxic effect was 
produced In man Slartm et al (1955) m many trials foimd no damage to 
kidneys, hver, or haemopoietic system Some patients, however, complamed 
of nausea, but no further ill effects were noted ^Vhen treatment was con 
tinued for a week or more, fever or pruritic rashes occurred occasionally m 
the patients described by Jones, Nichols, and Fmland (1950) A rash also 
developed m one of the 6 patients described bj David and Burgner (1956) 
To assess the meidenee of the reactions Welch, Lewis, Putnam, and Randall 
(1956) earned out trials on 208 male subjects by giving them novobiocin bj 
mouth twice a day m doses of 0 5 G over a 12 day period One of these ex- 
hibited a raaculopapular rash on the arms and chest, while 3 subjects showed 
a yellow discoloration of the sclera Only the patient with the skin rash 
developed a positive reaction when tested by a cutaneous test Other patients 
to the extent of 37 per cent had loose stools but not severely enough to 
necessitate stoppmg the antibiotic In some of the 22 patients treat^ by 
David and Burgner (1956) mild neutropema waa also observed occasionaltv 
as well as eosmophiha and thrombocytopeme purpura developed in a child 
treated for 10 days by Breese, Disney, and Talpey (1957) Liter function 
tests earned out by these workers showed an increased icteric index or an 
elevated indirect van den Bergh test in half the patients tested It is possible 
that these findings were due to a jellow pigment derived from novobiocin 
itself It IS said that this pigment gives an mcreased total bilirubin readmg, 
but not a direct van den Bergh reaction (Gibson, personal commumcalion 
to David and Burgner, 1956) Slight increases in the indirect van den Bergh 
reaction could therefore be attributed to the pigment m the plasma However, 
a report of a patient receiving 2 G 12 hourly who developed jaundice and a 
purpuric rash on the Gth da^ of treatment, death following 5 daj s later, leads 
one to be chary of interpretmg elevated van den Bergh reactions in this way 
At necropsy Bridges, Berendes and Good (1957) found generalized Ijmph 
node hyperplasia and acute diffuse hepatic necrosis, both of which they 
attributed to the action of novobioan 

Clinical trials 

These have been chiefly reported m Anlilnotic Jledtctne (1950, 2, No 4) 
Tlie earliest fnals seem to have been earned out h} Lin and Conell (1P50) 
at the Children s Hospital of Philadelphia These were made on 6 children 
with staplnlococcal or streptococcal infections With 6 hourly doses 
amounting to G-10 mg perkg ofbodj weight per 24 hours most encouraging 
results were obtained theorgarusms were reduced in number or disappeared, 
and the symptoms subsided promptly In well oicr COO cases treated bj 
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different Morkera^ nnd selected because they were unresponsive to other 
commonly used antibiotics it was generally agreed that acute staphylococcal 
infections responded well to treatment Other infections which responded 
were pneumococcal pneumonia cutaneous anthrax (1 case), and a certain 
proportion of infections due to proteus organisms amoebiasis was controlled 
at least temporarily in approximately half the cases treated, irrespective of 
whether the patients uere onlj <^t passers or whether they suffered from 
ulceration and diarrhoea Reactions to the drug w ere limited to urticarial 
dermatitis which, howe\cr, was by no means infrequent Evidence was 
adduced by McHardy et al (I9u6) that tlie side effects produced by 2 G 
daily were no worse than when the dose was mereased to tavice that amount 
Most reports are particularly optimistic, but the work of Nichols and Fm 
land (lO'tG), who brought a particularly critical attitude to their trials, 
indicated that there were a number of pitfalls for those who used this anti 
biotic In the 52 patients studied bj these authors there was evidence that 
some of the infecting orgamsms acquired a degree of resistance w hich resulted 
in their not being amenable to treatment Of the 22 staphylococcal infections 
treated, the sensitivity of the bacterium isolated was tested both before and 
after treatment in 10 of the cases and in 4 of these resistance bad increased 
16 to 250 fold In those lesions where the staphylococcus was inhibited by 
3 1 per ml or less good progress was made and oven in those where the 
inhibitory concentration had reached 12 5 /ig per ml improvement occurred 
in lesions which were not deep seated Infections mth proteus organisms 
or B colt were liable to behave m the same way and with these orgamsms 
resistance on occasion rose to 400 /ig or more per ml 
Taking the trials as a whole the results of treating various conditions 
mainly due to staphy lococci are summed up m the folloivmg paragraphs 


THE TREATMENT OF DISEASES DUE TO SPECIFIC 
ORGANISMS 


Staphylococcal Infections 

Bacieraemia The blood w as cleared of staphylococci in 6 out of 7 patients 
with corresponding clinical improvement (Martin, Heilman Nichols, Well 
man and Geraci 1956 6) 

Badencl endocarditis A favourable outcome followed treatment of 2 
cases (Pearson et al 1950 Cook Eastman, and Bunn 1957) In others the 
original staphylococcus disappeared from cultures soon after the beginning 
of treatment, but one with different cultural characteristics took its place 
In still other cases in which the staphylococcus disappeared sufficient time 
had not elapsed to allow any decision about the eventual outcome 

Osteomyelitis When treatment was not prolonged tlie results were good, 

1 Dayid andHurgner tlOoG) Kirbyetal (19,>C) Lai and (^rielJ (1956) Limson and 
Romanaky (1956) JIcHardy JIcHardy AVard and Cradle (1956) Martin Heilman 
Vichols Wellman and Geraci (19566) Milberg Schwartz and Sdverst^m (1956) 
Morton Frigot and Maynard (1956) Mullina and Wtlson (1956) Nichols and Finland 
(1956) Pearson Somberg Rosenthal Lepper Jackaon and Dowling (1956) Pulaski 
arid Jsokane {19o7 a) Rutenburg Sbapov and Schwemburg (1956) 
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cultures from the discharge becoming negative and drainage ceasmg On the 
other hand, poor results were obtained in 2 patients ^vith chrome infections 
whose organisms became rc'istant to novobiocm before treatment had ceased 
(Pulaski and Isokane, 1957 a) 

Infeciicms of the hands The majority of these benefited by treatment 

Cellulitis This healed well under treatment as a rule 

Breast abscess This was usually staphylococcal but was sometimes infected 
\vith proteus, or A aerogenes and enterococci a good response was obtamed 
in approximately half the cases 

Furunculosis This healed well under treatment, but when associated with 
an mcurable condition such aa leukaemia httle response was observed 

Carbunde OnecaseduetoNtapA aureuahealedslowly In others the effect 
was notably beneficial 

Infected bums When. SlajA awreua was present m these lesions, it promptly 
disappeared under treatment while the discharge ceased, makmg grafting 
successful 

Infections of the slm Some 32 cases of pyoderma were treated, most of 
them due to Staph aureus, but from a few Sir pyogenes or Gram negative 
organisms were isolated The response was excellent m 27, good m 3, but those 
infected with Gram negative bacteria failed to respond satisfactorily 

ErUerocolitis ThirteensuchcasesweretreatedbyMartmgtaZ (1956A) The 
stool cultures lost their staphylococci and diarrhoea subsided In a patient 
with carcinoma of the colon, however, it recurred after treatment ceased 

Pnewmonto In the few cases where staphylococci were found in the 
sputum, the results varied They could be good but tbe antibiotic could not 
control the infection m the presence of chrome leukaemia 

Pneumococcal infections 

Pneumonia Although pneumococci were not always the predominant 
orgamsm m 2 series of 12 and 35 cases treated by Limson and Romansky 
(1956) and Kirby elal (1956), tbechnicalBJgnsin each patient pointed to their 
being responsible for the condition treated All of the patients of Limson and 
Romansky and of Kirby et al (195G) made a good response to novobiocin, 
definite decrease in fever cough and tovicity being obvious within 43 hours 
and all bemg afebrile witbm 5 days The radiographs were clear within 
3 to 4 weeks In those patients who continued to show pyTCXia for more than 
6 days the presence of sterile pleural effusions or delay ed resolution accounted 
for the delay in recovery , w hereas a pure grow th of Gram negative rods from 
the sputum pomted to the supervention of a resistant infection in another 
old man of 85 who died Equally good results followed the administration 
of novobiocm by Pearson et al (1956) to 20 patients with pneumococcal, and 
presumed pneumococcal, pneumonia, for m 18 a good clinical response was 
recorded 

Upper respiratory tract infections Results were found by Pearson tl el 
(1956) to be similar to those with pneumococcal pneumonia 

Streptococcal Infections 

A series of 24 children with rnJtures of Sir pyogenes made from iheir 
throats were treated by Breese, Disney, and Talpey (1957) Six of these 
were asymptomatic earners but the othera were suffering from tonsillitis 
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or pharyngitis, scarlet fever, eemcal ademiis, or impetigo and sinusitis 
The children ai ero given a syrup preparation, if they were less than 5 years 
old, containing 125 mg per teaspoonful, or tablets if they were older, the 
dose varjnng according to age between 125 and 250 mg in the mormng and 
250 and 600 mg at mght for 10 days More than half the cultures remained 
positive during treatment, sometimes disappearing to reappear again later 

The clinical response according to other workers was good •uhether etrepto 
cocci were involved, m a wound infection m erysipelas or in tonsdhtis How 
ever, Pearson ct al (1056) also pointed out that streptococci had seldom 
disappeared from the throat by the end of treatment — about the 5th day 
Thus recurrences would be possible A single patient with scarlet fever was 
treated successfully by Lin and Conell (1956) In this case haemolytic strepto 
COCCI disappeared from cultures of throat swabs within 48 hours and did not 
reappear during therapy 

Enterococcal infections 

llTien associated with pyelonephritis the response was umformly poor 
(Pearson tt al , 1956) 

Proteus infections 

As some strains of Prokus vulgans were originally found to he relatively 
sensitive in utro to novobiocin, it was hoped that the antibiotic might have 
a good chnical effect on infections m which this organism was present This 
vras BO in 1 case of osteomjehtis treated by Pearson et al (1056), but in 
another, though the ProUus was cleared from the blood, it persisted m a 
wound In a third case it remamed unaffected in the blood stream In fact, 
in none of these cases did the organism completely disappear Proteus m 
factions of the urinary tract are dealt with on p 68 

Actinomycosis 

Treatment failed in 1 case reported by Pearson et al (1956). 

Venereal disease 
Gonorrhoea 

To 27 males with untreated gonorrhoea novobiocin was admimstered by 
WiUcos (1957 b) On findmg 1 or 1 5 G given by mouth 6 hourly in 24 hours 
insufficient, he then followed it with 4to8G givenin 4 daily doses over 2 days 
Even with the extended treatment he had 10 failures out of 24 cases followed 
Though 2 were probably reinfections the failure rate after a 2 day course of 
treatment does not compare favourably with results obtained by pemcilhn, 
the tetracychnes ox chloramphenicol, erythromyem or spiramycin It also 
had the disadvantage of producing reactions which, though not serious, were 
mconvement, such as slight indigestion or nausea, abdominal discomfort, 
diarrhoea, or pecuhar sensations about the anus 

Syphilis 

An attempt was made by Edelatm (1957) to see whether novohiocm would 
have any effect on this disease m its early stages He had 3 patients all of 



whom had lesions which were darkfidd p<»itire Each received OoG dis 
solved m 500 ml of a 5 per cent dextrose solution mtravenoucly The in 
fusion was repeated each day till the patients had received 12 to 14 dajs’ 
treatment Edelson observed that thesoresof 2 patients lost their spirochaetes 
m 24 to 30 hours and began to heal as rapidly as after jwmcilhn After a 
week, however, the healmg process slowed down and no visible change was 
to be seen over the foUowmg several days In the 3rd patient, who had no 
visible sore but had lymphadenopathj and a rash, there w as no change under 
treatment of the lymphadenopathy but the rash faded sbghtly during the 
first 3 da}*s on the palms and soles and disappeared from the body Tliere 
after the condition remamed stationary untdpemcilhn was substituted for the 
novobiocm It would appear then that though novobiocm had an obvious 
effect over the first few days of treatment, its therapeutic capacity was 
short hved 

Non gonococcal virtihnUa 

Willcox (19o7 e) treated a senes of 40 previously untreated patients care 
having been taken to exclude those m whom there was a probabiht^ of 
gonorrhoea Half of them received 2oOrog bj mouth4time3ada^ forOtla^s 
and half received 500 mg similarly administered MTien followmg the cases 
for up to 3 months Willcov could only record 7 successes m those treated 
with the low er dose and 9 m those treated with the higher one Comparing the 
percentage of failures after treatment with that after other antibiotics, 
IVilIcox concluded that novobiocm was the least successful of any 


Conditions where organisms were found without signs of inflam- 
mation 

Such studies were made by I«ichols and Finland (195C) mainly from nose 
and throat cultures They were valuable in providing a test in tnro m the 
most smtable subject — man— before therapeutic trials were instituted The 
results can he summarized as follows 




Ac tn le/ rh orgamam 
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.1 
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1 
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8 
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Amoeblasis 

Twentj one patients who were either cjst passers or suffered from ulcera 
tion of the bowel and dj'sentery were treated with novobiocm They were 
gnen 1 5 to 4 G dail} bj mouth for courses of 10 ilajs, some receiving a 
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second course (McHardy zt al , 1956) As a result of this study it tvas foun 
that, irrespective of the size of the dose, about half of the patients lost thei 
amoebae and in the other half the protozoa persisted In those ivith dysenter 
improvement was experienced in 6 out of 6 cases McHardy et al conclude 
that the effectiveness of novobiocin os an amoehacide was not cUmcall 
established 


THE TREATMENT OP DISEASES CONSIDERED BY 
SYSTEMS 

Infective endocarditis 

No case either acute or subacute has yet been proved to have been cure 
by novobiocin In some cases the original staphylococcus disappeared fror 
cultures soon after the beginning of treatment, but one with different culturi 
characteristics took its place In other cases m which the staphylococcu 
disappeared, sufficient time has not yet elapsed to allow any decision ahou 
the eventual outcome In subacute bacterial endocarditis, presumably due t 
Sir twdaM, early improvement with subsidence of fever occurred after th 
institution of treatment but the presence of a positive blood culture in 1 cas 
m spite of the favourable signs leads one to suspect that the effect may hav 
been temporary 

Infections of the respiratory tract 
Acute infections of the upper respiratory tract responded well m th 
majority of instances even when the infection was mixed 
^eumonia when acute also responded to treatment but when foUowin 
on such conditions as a cerebrovascular accident, bronchiectasis, or fibre 
cystic disease of the pancreas, novobiocin made little impression 
Bronchiectasis made bttte or no res{K>nse to treatment 
Two lung abscesses were unaffected by novobiocin 

Arthritis 

A case of arthritis of the hip wth a mixed infection mvolvmg Proieu 
viilgarts, E coh, an achromobacter, and a staphylococcus showed no effec 
from treatment 

Deep-seated abscesses 

Two cases of subphremc abscess, one due to a Staph aureus and the othe 
to Staph aureus, proteus, and enterococci, were treated The former made ai 
excellent recovery but m the latter no response to treatment was observed 
In spit© of the usually high resistance of E colt to norohiocm a permephn. 
abscess, from which this was the only orgamsm cultivated, subsided unde 
novobiocin administration 

Urinary tract infections 

As 13 the common experience with urmary tract infections which have no 
responded to treatment in the early stage, the results were very variable 
Infections with various organisms were treated with novobiocm, but responsi 
was uncertain -with each type of orgamsm In view of the fact that only J 
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per cent of the dose appeared in the unne (bright, Putnam, and Welch, 
1950) expeetations of good results in these conditions could not be \ erj* high 
A summarj of the findings made bj the workers mentioned above and 
arranged according to the causal bactena is given below 


Causal organism 

2*0 oj eases Pesults 

Staphj lococci 

4 

1 satiafaetory 

1— p>Tma persisted 

2 died — from uraenua or aepsts 

Proteus 

10 

9 unproved promptly", but 6 only temporarily 
7 — preteus pmisted or treatment failed 

3 — the result of treatment vras mdetcrmmato 

Aerobaeter aerogenes 

9 

5 unproved satufactonly 

2 — the result was mdeternunato 

2 — treatment faded 

E eolt 

14 

6 — pyuna cleared but E eoU returned in 2 

1 — pyuna improved 

1 — the result was indeterminata 

6 — lO'wna persisted 

No growth on culture 

t 

rcsolt satisfactory 


The rather uncertam results seen to be obtained from the treatment of 
unnarj tract infections were subjected to a careful analysis bj Trafton and 
land (1957 a and 6) Thej selcctedfor their study 27 patients who had heavy 
pyuna and who had shown little or no improvement from therapy with other 
antibiotics The conditions they studied were described as cystitis, nrethntis, 
prostatitis, tngonitis, a combination of these xnfiammator^ processes or 
pjclonepbntis, and the infections thej chose to treat were those due to 
Staph aurtus, enterococcus, Proteus, E edit, or A aerogenes Treating them 
patients mth moderate doses of 250 mg 4 times a daj or 500 mg 3 tunes 
a day, thej related the sensitivity of the infecting organism and the serum 
and unne concentrations of each patient with the bacteriological and clmieal 
results Wien this was done the correlation was remarkabi) consistent and 
though the unne of every case whose mfectiog organisms were sensitive to 
concentrations found in his serum and urme was not sterilized, the patient 
expcncnced an improvement m his condition with reduction of pyuria In 
view of the chromcitj of half of the conditions treated these workers show «l 
how consistent results can be, provided one relates the dose to the findings 
of the laboratory On p G9 is a hst of the infections with the relevant data, 
each line representing a separate case It will be seen that no case failed to 
improve when the concentration? found in the serum and urine were greater 
than that required to inhibit the infecting orgarusm in iitro WTien, however, 
the mimmal inliibiting concentration was not attained the result was not so 
readily predictable 

Infections within the peUis 

PcInc infiammation Eight ca«es, 1 due to an enterococcus, some acute and 
some chrome reacted well to novobiocin 

Endometnlis A patient suffering from chronic endometritis was treated 
b^ David and Burgner (195C) In spite of the ehromcitj of the diseowj the 
patient made an excellent response to the treatment 

Salpingitis One patient with this coznplamt, due to a staplijlococcus, 
made a good clinical response 
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Meningitis 

A case %vith meningitis secondary to a cranial dysostosis was described 
The infection was mixed. Staph aurma, an achromobacter, and Sir faecalts 
bemg cultured from the cerebrospinal fluid The Staph aureus disappeared 
from the fluid but the tuo other organisms persisted and the patient died 
In view of the failure to detect any novobiocin in the cerebrospmal fluid after 
oral admimstration to subjects without meningitis, one must infer that the 
disappearance of the Staph aureus in this case must either indicate its ex 
treme sensitivity to the antibiotic or that the permeabihty of the meninges 
to novobiocin is increased when they are mflamed In another patient a good 
response was obtained but with the help of eiythromycm 
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* Staph usually Bi English texts NB = not recorded 


Conclusion 

In all these trials, except m those sx>ecifically described, the usual dosage 
given by the different workers was 250 mg 6 to 8 hourly or 600 mg 6 to 
12 hourly to adults, while children received approximately I G daily or 
30 mg per kg of body weight per day 

It 13 to be noted that in no report concermng these trials was a record of 
reactions to treatment absent Most of these were concerned ivith skin 
eruptions and eosmophilia, but leucopenia and thrombocytopemc purpura 
were also occasionally noted In the latter ease, though the patient recovered, 
the platelets were absent for about 1 month (Breese el al , 1957) The trials 
also support evidence produced f» iitro of the easy acquisition of resistance in 
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staph} lococci These organisms \rere found to become resistant to novo- 
biocin irhcn treatment was prolonged (Pearson d al , 1956 , Pulaski and 
Isokane, 1957 a) Pulaski and Isokane (1957 a) also expressed this in other 
words b} sa}nng that the antibiotic was ineffective in chronic infections, 
and Kutenburg ei al (1956) summed up their experiences b} stating that good 
results could be expected if a climcal response was observed mthin the first 
48 hours of treatment Support for this statement was given b} the expen 
cnees of Cook, Eastman, and Bunn (1057) and High and Huang (1957) in the 
treatment of acute pneumococcal and staphylococcal infections 


Combinations of other antibiotics with novobiocin 

As M ith oleandomycin it was hoped that combmed treatment u ith another 
antibiotic with which novobiocin displa}ed no cross resistance might enable 
treatment to bo continued for longer penods than seemed adnsable with 
novobiocin alone Lm and Conell (1057) made studies m vitro of the bcha% lour 
of novobiocm together with each of the foUowmg drugs sulphisoxazole, 
pemcillin, chloramphenicol, erythrom}cm, 8treptom}Cin, and tetracjclme, 
on 5 different strains of staphylococci Successive exposures of the staph} lo 
COCCI to the combination m which were mcreasing concentrations of novo 
biocm soon revealed that the emergence of resistant strains could be os rapid 
as that from exposure to novobiocm alone Unfortunate!} before the exjicn* 
ments were started t!ie staphylococci acre already resistant to pemcillin, 
streptom} cm, or to other antibiotics thus the trul was condemned to failuro 
before it was started 

In an epidemiological stud} Lepper, Bonbng, Jackson, Spies, and Mcllody 
(1937) observed the effect on the preaalonce of resistant strains of 8taph}lo* 
cocci nhen all patients m the Municipal Contagious Disease Hospital of 
Cliicago for whom antibactcnal treatment was required reecned 100 mg of 
8piram}cm per kg together with 30 mg per kg of novobiocm (presumably 
each da} ) until total doses of 3 G of spiram} cm and 2 G of novobiocin bad been 
taken To observe the effect on the nose and throat flora m the hospital they 
made cultures for a penod of 0 months from every 4th patient on admission 
and at weekly intervals thereafter, and on the staff at monthly intervals 
B} comparing their results with the rate of increase in incidence of strains 
resistant to spiram} cm in a previous stud} , Lepper et al showed that there 
w as a dels} of about 2 months in the appearance of strains resistant to this 
antibiotic when the comhmation rather than the single antibiotic was 
cmplo}ed Tlic} assumed that a sunilar dela} in emergence of strains 
resistant to novobiocin would be effected b} the combination This, bow 
ever, remains to bo put to the proof 

Some indication that rancom}cin tna} be of value in combination with 
novobiocin has been given b} Jsnetz, B^ie, and Sonne (1957), and FIbott 
and Hall (1957 a and 6) who concluded from expenments tn n/ro.that 6}*ncr» 
gistic actuit} between the 2 antibiotics against stapli}Iococci was present 
m certain concentrations Ncora}cin and bantracm also showed this same 
propcnsit} No cUnical evidence, honcacr, is }ct forthcoming that response 
lo treatment with an} of these combinations is more rapid or more certain 
than to novobiocm alone 
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VANCOMYCIN 

GENERAL CONSIDERATIONS AND PROPERTIES OF 
CLINICAL IMPORTANCE 

This antibiotic was isolated from Sirtplomycts onentahs, a previously 
unidentified organism wluch was obtained from n sample of Indonesian soil 
(JlcCormick, Stark, Pittenger, Pittenger, and McGuire, 1956) It was tested 
first against Staph aureus and found to inhibit this in itiro with rapidly 
increasmg efficacy as the concentration of the drug avas raised Vancomycin 
IS a wlute solid complex amphoteric material, very soluble m water and 
moderately so in aqueous methanol, bat insoluble in the higher alcohols 
It 13 precipitated from aqueous solutions by heavy metals, various acids, 
ammonium sulphate, and sodium chloride At the time of Mntmg the chemical 
composition is not thoroughly known Its antibacterial activity is shoivn on 
Table 6 According to Ziegler, Wolfe, and McGuire (1956) the activity of the 
antibiotic was not sigmficantly altered by changes m pH of the test medium 
and its behaviour in tilro indicated that it was bactencidal for Str pyogenes 
C 203 at as low a concentration as 0 67 /ig per ml and for a strain of Staph 
aureus at 1 33 pg per ml The presence of serum reduced the activity of the 
antibiotic somewhat and the size of the inoculum bad some effect on its 
action against staphylococci but little agamst group A streptococci (Kirby 
and Divelbiss, 1937) In animal protection expenroents Geraci et al (1957) 
showed that mice could bo completely protected from staphylococcal m 
fections by subcutaneous injections twice a day for 10 days of 1,000 pg 
No effect was produced m mice infected with Toxoplasma gondii 

Resistance 

No cross resistance could be demonstrated m staphylococci which were 
resistant to tetraej cline, streptomycm, pemciliin, chloramphemcol, or ery 
thromyem (Kirby and Divelbiss, 1957) nor in 2 strains made resistant to 
neomyem, bacitracm, and novobiocin (Geraci et al , 1957) With Str pyogenes 
acquisition of resistance in vitro was by no means marked, possibly because 
immediate killing of bacteria began as soon as they were exposed to vancomy 
cm Ziegler ei al (1956) observed that with Staph aureus the degree of 
resistance developed over 25 transfers was only 4 to 8 fold higher than 
the ongmal inhibitory concentration whereas a similar trial with pemcillm 
produced a 131 050 fold mcrease m resistance Like many antibiotics, it 
would appear that vancomycm is active only against multiplymg bactena 
While Garrod and Waterworth (1936) and Geraci et al (1957) confirmed the 
slow acqmsition of resistance in vitro of Sta]^ aureus, Kirby and Divelbiss 
(1957) found that m patients under treatment from whom serial cultures were 
made a few required 3 and 5 fig per ml for inhibition instead of the ongmal 
inhibitory concentration of 2 pg per ml 

Toxicity 

Experimental work earned out by Anderson, Worth, Hams and Chen 
(1957) showed that in mice and rats fte LD^q from mtravenous injection was 
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489 and 319 mg per kg resjiccUvely. Tests for chrome toxicitj m rats, dogs, 
and monkeys show cd that no visceral or haematopoietic damage had occurred 
from repeated mtravenous injections over penods of up to 29 weeks There 
•svas httle or no effect on the Wood pressure, respiration, electrocardiogram, 
intestinal motihty of isolated gut, or urinary flow in eiqienmental ammaU 
On attempted sensitization gumea pigs showed no sign of anaphylaxis 

Table 0 A^'TrBACTERIAI. AcnviTr or VA^co5Ilct^ against 
Orgaxis^is op Impoptance to Man - 


Organism 

Ad o/airaina 

pg per ml required 
to inhibit grovth 

AehromobaeUr 

1 

> 100 

Aerobaefer afrogenea 

3 

125-> 100 

AUaligfnta fauatiM 

2 

> JO 

SacillM auhtilia 

1 

04 

Bmetlla bronehitrpfiea 

1 

> 100 

Clotlndta 

12 

0 30-5 0 

C diphlheriae 

1 

0g» 

Corynebactcria 

3 

0 4-0 8f 

£ c«fi 

7 

> 10-> 100 

Khb*\<U<i pntumontae 

2 

>100 

M) cobaclena 

I 

31-100 

l/yeo6aeftnujn lubarcuJctu 


> COO 

Aosserid calarrhatu 

1 4 

2 5-> 10 

PnUua trulgaru 

' 7 

> 10-> 100 

Pi atrvgin^a 

I 

> 100 

Salmonella 

2 

> l&-> 100 

£<iretn<i tuua 

1 1 

0 3CM>8 

Shigdla paradjaenltriat 


> 10-> 100 

&taph durrus. 

1 ll6t 

0156-6 2 

Sir faeeaJu 

1 3t 

0 312-12 0 

Sif pruumonKte 

7 

0 20 

pjogtnea 

1 ^ 

1 0151V-2 5 

Sir rindana 

6 

0 312->10 


^ roAta and HlamcTitous Tungi art* n*tistnnt to moro than 100 /ig per ml 
No oCToct ob«^r\«l on vaocinia Mrusor herpes aimplrx tarns in UcLa cell cullon with 
CO fig per mL 

• After 48 hours incubation 
t After "3 hours mcubatioo 

} Including penicillin streptomycin , an 1 eiythrom^cm resistant atrams 
One hundred and forty two itmins tested by other njcthods than serial tube dilution, 
all found to (m susceptible to tancomycm by Geraci r( al (10o7) 

From the data of Fairbrother an Itr illuims (lOSO), Gcraei, lleibnnn,^ ichols, cUman, 
and Item (19 j*) Gnfiith and Feck (19C6), Kirby and Divelbiss (1057) and SfeCormick 
tlal (iOoO) 


Administration 

ith httic absorption into the blood stream following oral administration 
(Gnflith, 1957 , Geraci et al , 1957) and the pam folIoMing intramuscular in 
jcction, the intravenous route was found to bo the most suitable way of 
treating patients with vancomjctn Gnfftth and l*cck (103G) first obscrvcil 
the effect in man of single doses of CO ing and 100 mg dissolve*! in 10 ml of 
5 per cent gIurt)«o solution and injected over 4 minutes There wore no 
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febrile reactions, changes m blood pressure, pulse, or respiration, nor senous 
side effects Occasional tinglmg of the feet and in 1 case mild abdominal 
cramping uero the only adverse signs The serum concentrations found 
2 and 6 hours after these doses were in the region of 0 5 to 1 6 pg per ml — 
not sufficiently high in new of the fort that Slaph aureiw usually required 
betueen 2 and 3 fig per ml for killing Wth a dose of 500 rag and serial 
assays beginning from 1 minuto after the injection, Geraci e^ a? (1957) found 
that levels of 3 fig per ml or over were usually mamtained for 6 hours In 
8 healthy joung men their findings were as foUous 

py per fnl tn Hood lerum of mbjeett at lime ajter 500 n g \n}tcted tniratenotwli/ 

J nun I hour Shrs Ghre J2 Ktb 

Range 25-40 6 4-10 3S-5 2 10-3 7 10-18 

Average JSG 7J 2S 15 

Repeated intraa enous injections were found to maintain the serum levels 
consistently above the 3 fig per ml hmit In 5 subjects the serum con. 
centrations between doses were 

tig per ml tn eerum after injeeltone 

Ao o/ iryeetton Ut Slh 5th ISlh 17th 

36-70* 64-01 64-106 64-138 64-110 

* One assay tvhioli for on unexplained reason was 17 0 ^g /ml , not included 

The method of admimstration was changed by Kirby and Divelbiss (1957) 
who found that injection of vancomycin in a concentrated solution over 
4 to 5 minutes frequently produced irritation of the surrounding tissues 
through leakage The dose was dissolved m distilled water, added to 100 or 
200 ml of a 5 per cent dextrose solution and allowed to infuse into the vem 
over 20 to 30 minutes After dilution to this extent they had very httle 
trouble from irritation and serum levels, after the 4th dose of 600 mg , were 
maintained at about 10 fig per ml for 12 rather than 8 hours Concentrations 
in the serum and urinaiy excretion of vancomycin after single doses given 
this way are shown m Fig 3a and 6 

With doses of 1 G and 2 G repeated every 12 and 24 hours respectively, 
levels of 3 per ml or more were maintained throughout the interval 
between infusions 

(tg per ml «n patient* etra at hour* after dose 
Dose 2 4 6 8 12 

IG 12 hourly 

Ist 2a 10 6 3 

5th 3 and 6 

lltb 5 and 25 

2 G daily 

1st 60 33 10 10 

2nd 6th 8th, 

11th afidI2th 

Distribution in body fluids nnd tissues 

Experimental work in aiumals by Lee, Anderson, and Chen (1957) showed 
that half to two thirds of an miravenous dose of vancomjcin was recovered 
within 24 hours from the urme and small qimntittes were also excreted m the 
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bile The presence of the antibiotic m the cerebrospinal fluid \vas detectable 
and it was found to pass through the placenta into foetal blood and amniotic 
fluid With such indications to guide them, Geraci el al (1957) and Kirby 




(fr) 

Flo 3 a CoiKN^tmtioni of vanramjrin m the •'Tum nftrr t nelf* tntrB\pnou« dewra 
^miniiU'mJ o\rr • 30 to 30>Riib<it« p^nod 
6 Average Micrel on of t ■neom>cin bjr 3 \olunt4^n oftpr Bjlm n »tr»t on of I onJ 3 O 
gi\ m inirat rnoualjr 

(From Kirl )* and Ditrll >*■ Antittol Innu 1930-* 107) 

and Divclbiss (1057) explored the bchaMour of the drug in man Kirb} and 
Divelbiss found the unnarj excretion to be even higlicr than that in animals, 
for 90 to 100 per cent of Binglc doses of 1 or 2 G were excreted atithin 
24 hours, concentrations m the region of 100 /ip per ml or oter being found 
in the unne dunng this time ^ ancomxcui dilTuscf! into the pleural fluid in 
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concentrations approximating those reached in the blood serum and also into 
pericardial, synovial, ascitio fluids, and hile (Gcraci ef al , 1957) There were, 
however, no detectable concentrations found in the cerebrospmal fluid m 
spite of 4 8 to 10 /ig per ml being present m the serum at the tune of testmg 
However, m 1 patient of Kirby and Dirclbiss (1957) who had a high blood 
urea nitrogen and whose serum levels reached 100 ;ig per ml , one tenth of 
this concentration w as found in the cerebrospmal fluid 

Vancomycin combined with another antibiotic 

As a basis for clinical trials, Jawetz, Bertie, and Sonne (1957) tested the 
killing powers of vancomycin tc^ther mth novobiocin, neomycin, or 
bacitracin They found that these combinations sometimes shonnd greater 
kilhng power than either antibiotic alone EUiott and Hall (1957 a and b) 
confirmed the observation of enhancement of activity when novobiocin was 
added to vancom} cm No clinical trial of i ancomycm inth any of the above 
bactericidal antibiotics has j et come to the author’s notice 

Complications of therapy 

The most frequent and distressing sequelae of treatment were the local 
reactions in the tissues surrounding the vein through which vancomycm was 
being admmistercd, or phlebitis m the vem itself These reactions were 
reduced m seventy when the material infused was diluted (Kirby and Divel 
hiss, 1057) Geraci ef al (1957) observed chills approximately 1 hour after 
injection in a few of their patients but attnbuted these to the presence of 
pyrogens as they did not occur following administration of later batches of 
the material 

Occasional skin reactions, taking the form of morbilliform rashes or diffuse 
erythema accompamed by pnintus, were seen by Geraci c< a? (1957) Renal 
irritation in 2 healthy volunteers as shown by the presence of granular casts, 
orraismgofthe blood urea mtrogenfrom 14 to 20mg percent ivere observed 
by Kirbj and Divelbiss (1957) 


CLINICAL TRIALS 
Staphylococcal infections 

Clmical trials have been mainly concerned mth staphylococcal infections, 
hut masmueh as most patients treated had other associated diseases which 
were fatal, the results cannot be assessed m terms of full recovery The 9 
patients treated by Geraci et al , however, suffered primarily from their 
staphylococcal infections These took the form of acute endocarditis, osteo 
rayehtis, cellulitis and ulceration from a spider bite and post operative 
infections such as that of a wound, an empyema, and 3 cases of ileocohtis 
Administration to all patients except those with ileocohtis was by 6 hourly 
intravenous injections of 500 mg To the jiatients inth ileocohtis the same 
dose was given by mouth 

All patients responded well to their treatment, the patient with endo 
carditis recovered without any sign of recurrence over the following 6 
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months , the 2 patients Tvith (^tcomychtis of fibula and tibia rcspectivch 
•n ere operated on at the same time as vancomj cm was begun Both infections 
cleared clinically , one, in which the opcratire ^^ound was closed healed by 
primary mtention Tlie post operative wound was clean and dry by the 
4th day of treatment and m the cases of enterocolitis, diarrhoea ceased 
promptly m 2, slowly in another, but the stool cultures were negatne for 
staphy lococci ivithm 24 to 48 hours It is of some interest to note that though 
clmical progress was satisfactory m suppurating conditions y ct staphy lococci 
continued to be cultured from open lesions for 10 days after the beginmng of 
treatment 

In the staphylococcal infections treated by Kirby and Divclbiss (1057) and 
by Griffith (19 j 7) vancom\cin was notable for its control of the uifection 
w bile it was continued but for its inability to prevent rehpses Tins may ha\ o 
been due to the mconvement method of administration, for the excellent imtial 
response encouraged discontinuance of the drug as soon as the patient 
seemed well on the way to recovery In spite of the recurrences howeier, 
Kirby and Divelbiss found httle evidcnceofthe infectmg staphy lococci lia\ing 
become more resistant to vancomycm as a result of treatment The con 
ditions treated included abscesses, superficial and deep seated, carbuncles, 
furunculosis osteomychtis, a post operative wound infection empyema, and 
phlebitis with septicaemia 

Infections other than staphylococcal 

The earliest cases treated— those of Gnifith and Peek (1956)— were duo to 
Sir pneumoniae or haemolyiic streptococci ith 50 or 100 mg of vanco 
mycin administered intravenously every C to 8 hours, bronchopnenmoma 
was promptly controlled the temperature falling to normal and the sputum 
becoming free of pneumococci %nthm 24 hours The fever from a strepto 
coccal pharyTigitis had subsided and the streptococci disappeared from tho 
throat m the same time and a patient with cry sipclas lost both fever and 
leucocytosis promptly, bemg discharged on his 4th day in hospital 

In a patient suffering from acute recurrent urclhntis and complaitung of 
urethral discharge and dysuria tho diagnosis of gonorrhoea was confirmed 
by culture One hundred rag of vancomycin were injected 8 hourly for 
7 days Asa result, the purulent discharge and thedysuria lessened, but the 
cufture rcmaineif positive This infection cvenfuaffy efearetf under pcnicifi'in 
therapy The organism was not sensitive in iitro to vancomycm 

The patients of Kirby and Divclbiss who did not have staphylococcal m 
fcctions were suffering mainly from pneumococcal or mixed infections 
Though they improved under treatment imtnily , with progrcssiv e diminution 
m purulent sputum and fever and disappearance of Gram positive cocci from 
smears, either the response could not Iw attnbuted to vancomycin because 
other antibiotics had been used or senous conditions such as severe renal 
disease bronchogemc carcinoma or congestive heart failure precludc<l the 
patient from making a full recovery 

Of the whole senes of 15 patients the results of whasc treatment were 
critically cxammcil bv Kirby and Divclbiss 8 diet! but none of these deaths 
could be blamed on the failure of vancomycin In fact it was particularly 
noteworthy that even m patients with mvclogcnous leukaemia, dial>etes 
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melhtus, or severe arteriosclerosis, lesions subsided under treatment, un 
fortunatelj onij to recur 111100 that treatment had ceased 

Conclusion 

From the braitcd number of species of bactena against which it la active. 
Its bactericidal powers and the slow development of resistance to it, vanco 
mycin would appear to be an ideal antistaphylococcal agent The mcon 
venience of administration may also bo regarded as a factor in its favour, 
hmitmg its use to those infections nhere no other antibiotic has been found 
effective and thus preienting the encouragement of resistant strains of 
staphjlococci by its vndespread use 

\Vhether the use of another bactericidal agent together with vancomycm 
would hasten the removal of pithogcmc staphylococci from infected tissues 
still remains to be demonstrated in the ebnic 


RISTOCETIN 

GENERAL CONSIDERATIONS 

Isolated from the fermentation bquor of an unidentified actinomycete 
called by the authors ^ocardta lunda and obtamed from sod at Colorado 
Springs, ristocetin gives promise of bemg of value in the treatment of 
staphylococcal and other infections duo to Gram positive organisms which 
are resistant to presently available antibiotics (Grundy, Sinclam, Theriault, 
Goldstem, Rickher, Warren Oliver, and Sylvester, 1957 o) Bemg an ampho 
tenc substance, contaimng ammo and phenohe groups and sugars, it was 
isolated as a free base and crystallized as a sulphate (Phihp, Scbenck, and 
Hargie, 1957) It is soluble in aqueous solutions but much less so when the 
pH 13 neutral It does not generally go mto solution in organic solvents 
The acid aqueous solutions arc stable but when the pH rises above 7 0 
inactivation readily takes place 

Two components, described as A and B, are present m ristocetin They are 
cav bj' psper str/p 

and paper strip electrophoresis ^Vhen crystallized, natocetm A forms 
hexagonal prismatic rods and ristocetin B, needle crystals 

Antibacterial activity 

Grundy el al (1957 a) described the antimicrobial activity as being specific 
for Gram positive bactena and mycobacteria but having no action against 
Gram negative organisms, yeasts, filamentous fungi, or the few protozoa 
tested Table 7 gives the range of concentrations found in 1956 to inhibit 
different orgamsms The activity of the ristocetins, according to Grundy 
etal (1957 o),werehttleaffectedby the presence of blood or serum or by the 
pH of the test medium betv ecn 5 0 and 7 0 The size of an inoculum did not 
greatly influence the action of the anbbiotics The action was bactericidal 
m concentrations close to those which were bacteriostatic, and irrespective 



“8 mSTOCETTV ChnptorS 

of whether the hactena exposed were actively multiplying or approaching 
a quiescent phase 

Table 7. Concektrations Required to Imubit Bacteria 
Patrooesic to iLAN 



Ao o/ atraina 
teated 

pg per tnJ reguirtd 
to inhibit groicth 

Bacteria 



Aeiinomyett fcovia 

1 

2 

Clostridia 

3 1 

023-20 

C pteudodtphit rritieum 

1 

0 125 

C pyayenes 

1 

20 

Diplococcw pneumoniae* 

74 

<0 1-3 0 

ilycobaelenum lubereuJoau 

13 

1-5 

A ocortfia asferotdee 

1 

> 60 

Staph aureus (or Mieroeoeeus pjoyenes 



\Br ourrus) 

C3 

2-50t 

Str p jogenea or Group A streptococci 

32 

<0 1-6 0 

Str i*ind<ifu 

15 

< 0 1-20 0 

Str Jatcalxa or enterococci 

47 

< 0 1-20 0 

Gram negatno bactena 



A aerogenta 

1 

> 100 

E coll 

2 

> 60of > 100 

/farmopAihis vijfuen^e 

4 

> 60 

Kleiaidla pneumoniae or FricdlAndera 



bacillas 

7 

> 50 Of > 100 

Seiaaena eatarrhalia 

] 

> 60 

Aetaaena menmgitidia 

1 

60 

Proteus species 

3 

> 60or > lOO 

Pttudomonaa aerugxneaa 

2 

> 60or > 100 

SalmonaUa 

3 

> 100 

Sh gtlla djaenlenae 

J 

> 100 

Fungi 



Candida alineana 

1 


TneepA jton 

2 

>25 

E huioljtiea 

] 

> 60 

Tnehomonods 

1 2 

> 50 


• Or 5fr pneumoniaf 

t All Staph dureuf tested in purest batches inhibited by 5 0 fig per ml or Icm 

From the data oT Crundj Smetair.Tlicnault.Goldstcin Rielther, Warren Obver on I 
Sylvester (lOS'l andRoman.sk} Limson ond llawkuu (1037) 

Resistance 

Among otcr 400 cultures of staphtlococci, streptococci, and pneumococci 
mainK obtained from hospital sources, no naturally resistant strains were 
found even when large numbers of hactena were cultured in the presence of 
\ary^ng amounts of nstocctin It was possible to induce an 8 fold lncren«o m 
resistance of a strain of Staph aurevs after 25 senal transfers in incrca-sing 
concentrations of mtocctm but usually the increase was less than this ^Mien 
it had developed, the cross resistance to nstocctin A and nstocetin B vas 
complete but the atrain-s of staphylococci and enterococci tested developed 
resistance more rcatbly to \tbantoB{Grundy,Alfor«l,Rdzok,andSyhcstcr, 
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1957) No cross resistance between bacteria resistant to pemcillin, strepto 
mjcin, the tetracyclines, chlorampbemcol, or erythromycin was found by 
Eomanshy, Limson, and Hanlons (1957) 


Animal protection tests 

These were cirned out by Grundy et al (1957 a) on mice infected intra 
pentoneally with strains of pyogenes, Staph aureus, or Dtpl pneumomae 
In each infection the total dose required to protect all infected animals with 
ristocetin A was approximately 3 times higher than that of ristocetin B 
With mouse tuberculosis, how ever, neither component was effective in con 
trolUng this type of mfection 


Administration 

Experimental work carried out by Grundy ei al (1957 a) indicated that as 
no absorption took place after oral admimstration ristocetm would have to be 
given by the parenteral route Roraansky et al (1957) found intramuscular 
admimstration too painful to use as a routme method and therefore investi* 
gated the absorption which took place from intravenous admimstration 
With repeated doses of 250 ing , 600 mg , or 1 G they assayed the concen 
trations found in the blood serum Each dose according to its size was dis 
solved in 20 to 200 ml of normal saline and injected slowly over periods of 
16 to 45 mmutes The concentrations found m the blood serum after the 
lower doses were sufficient to inlubit Staph aureus for 4 or 6 hours and 
injections of I G needed only to be repeated 12 hourly to obtain the same 
effect Below are the concentrations they found after different doses 


Dose 


per ml 

tn serum at hours after tr^cetton 


1 

2 

4 

G 

8 

J2 

250 mg C hourly 



6 




f> 4 „ 



6 




600 mg 8 ,, 


5-20 


5 

26 

25 

„ 6 , 

40 

40 6-20 

20 

1 25 


1 000 mg 12 hourly 





10 

25 5 

>. 8 „ 





10-40 


„ 6 „ 



40 

20 

10-20 

10 


14 


10 


1 5 estimatts at each time, none made before at least 4 mjections heid been given 


Distribution In body fluids 

These had not been extensively investigated at the time Eomansky et al 
(1957) reported their expenences m the chmc How ever, it was possible to say 
that the concentration m the pleural fluid of a patient after mjections of 
500 mg 6 hourly were one quarter of the peak concentrations found m the 
serum la the cerebrospinal fluid there was no detectable amount found after 
the same dose 
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CLINICAL TRIALS 

All tmU that are avajablo at the tune of ^mting arc thoac made by 
Romansk} cl al (1957) and a further summary of reports made at the Fourth 
Annual SjTnposium on Antibiotics, Washington, D C , 1957, b\ the Lancet, 
1957 Romansky et al confined their studies to tlie trial of the antibiotic m 
streptococcal and pneumococcal infections, treatmg 1 case onl^ -nhich nas 
infected uith a staphylococcus Further trials of nstocctin for staphylococcal 
infections were carried out in 1957 

Streptococcal Infections— bacterial endocarditis 

The most impressive early result was that from treatment of an endocar- 
ditis due to a microaorophihc enterococcus The patient, a Chinese of 41, 
had been ill for 7 weeks without showing a aatisfactory response to pemcillm, 
dihydrostreptomycin, and tetracycline An initial response nas made to 
novobiocin but blood cultures agam became positive and remained so for 
the feu days when chloramphenicol was added to the therapy Ristocctm 
^vas then added in the relatively small doses of 250 mg every G hours The 
last positive blood culture was made on the following day and the temperature 
subsided within 4 days In spite of the discontinuance of novobiocin almost 
immediately and of chloramphemcol in about 1 week, scnal blood cultures 
continued to remain negative The dose of ristocetin uas doubleil after a 
ueek uhen chloramphenicol was discontinued, and a week, later reduced in 
frequency to 12 hourly injections Altogether the jiatient received treatment 
for about 3 weeks and m spite of a recurrence of fever duo to pulmonary 
embolism shortly after discontinuance and a further pulmonary episode 
accompanied by herpes zoster after convalescence, for which he received 
another week of nstocctm his blood cultures persisted m being negative and 
he was continuing to do well C tnootbs after treatment had cca$e<] I-jg 4 
shows the patient s temperature, treatment, and effect of ristocetin on blood 
cultures A further 5 patients with rntcrococeal endocarditis have been 
succcssfulU treated since the report of Ronnnsky etal (1957) 

Acaseof baetcraemiaducfoarojcroaerophiJicentcrococcuswasalso treated 
succcssfulU by Romansky <t al (1957) after there had been no response to 
penicillin gnen for a period of 5 days This patient received 2 G eicry 
G hours by intravenous infusion over 10 days, but m spite of this relatively 
high do<c fever recurred soon nfterdiscontinimnceof thempi , to be controlled 
after a second course lasting 5 days 

Pneumococcal Infections 

Six patients with pneumonia, from whose sputum pneumococci of different 
tvpca were isolated (pneumococci were also cultured from the blood of 4), 
lost tbeir fca or followang intravenous injections of ristocctm Tlie in liudual 
dose vnricel l>etwcen 250 mg and 3 G in those patients to whom ns much ns 
2 to 3 G were administcrcil to start with, the response was cxecllent, fcacr 
subsiding in 4 days at most In another patient in whom a pleural i ffusion 
accompanied the pneumonia the fever did not subside m spite of nstocctin 
and repeated thoracenteses Treatment w aa then changed to jienicillin and 
the patient liccame nfebnle m 5 days 
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Staphylococcal infections 

Ristocetin IS said to have proved useful m staphylococcal pneumonia 
not responding to other antibiotics No satisfactory outcom6 could bo 
ascribed to nstocetin in the treatment of staphylococcal pyoderma In 
the single case in which it was used, the antibiotic was given by intra 
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old patient 'with bactenal endocarditis due to a imcroaerophilic streptococcus This 
patient had already received large doses of penicillin and atrcptomycin elsewhere without 
ndding bis blood stream of the streptococcus The 2 peaks m the temperatura curve 
correspond with an attack of mumpe and a pulmonary embolus respectively 
* Subsequent blood cultures for 8 weeks were sterile 
(From Komanslty, Limson and Hawkins /fnltburf i4nnu 19S6-7 706) 

muscular injection, a procedure so painful that tetracycline was substituted 
for it 

Non-specific respiratory tract infections 
In 6 such cases, 4 of pneumoma and 1 of bronchitis an excellent response 
followed mtravenous mjection but intramuscular administration gave rise to 
much pam at the sites of injection, the patients only becoming afebrile after 
they received their therapy mtravenously In the 5th patient, however, who 
began -with intravenous therapy, phlebitis developed at the site of injection 
and, whether because of this or a coneomitont pleural effusion, the fever did 
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not subside until after crjlhromjcin had been substituted for ristocetin, 
(Romanskj tt aJ , 1957) 

>*■0 reports of the effect of ristocctm m tuberculosis ha\ e come to hand as 

}Ct 


Complications of therapy 

Tlie difficulties encountered by Bomansk}' ct al m tlie treatment of their 
10 patients amounted to 1 instance of phlebitis and the CTperienco hj the 
patients of considerable pain on intramuscular injection The latter can be 
avoided but as the intravenous route is the only one left bj Clinch admims 
tration can he earned out, dilution of the antibiotic and adjustment of the 
infusion to a pH of 7 0 is indicated to forestall, if possible, irritation of the 
vein walls Transient leiicopenia was also occasionallj observed 


STAPIIYLOMYCIN 

Do Soraer and Von Dijek {1935) desenbed staphylomj cm os an antibiotic 
isolated from an unidentified Strtptomyces obtained in Belgian soil and 
particularly active against haemolvtic streptococci and staphylococcj Its 
to^city m animal experiments was low and excellent protection was giv en to 
mice infected with Sir pyogenes Ko cross resistance was found inth tho 
antibiotics pemciUin, streptomycin, the tctracyclmes, chloramphenicol, or 
erythromycin With streptogroimn (Chamey H ol , JD53), however, cross 
resistance w os complete Uesistance was induced m a strain of staphylococcus 
after 31 passages but the resistant mutant was Joss virulent than tho original 
sensitive strain and it was no longer haemolytic 

By paper chromatography it was possible to separate the antibiotic into 3 
components, described for eonvcmencc os SI I, M II, and S (Vanderlmeghc, 
Van Dijck, rarmcntier, and de Soraer, 1957) These workers claimwl that 
the melting points optical rotation, ond ultra-violet spectra WTre sufficient 
to distinguish these pro<luct8 from those found m other antibiotics The 
maximum antibacterial activity against Staph aurtua was obtained with n 
mixture of 70 per cent I and 30 per cent S No action against Gram- 
negative bacteria or fungi was seen m solutions containing as much ns 100 /tg 
per ml but Myco tultrculosta H37 Rv was mliibited in low concentrations by 
a combination of 90 per cent Mand lOpercent S (VanDijck, Vanderhaoghe, 
and de Somer, 1957) 

Clinical tnals were undertaken by de Somer and ^nn do Voordc (1957) 
Iifty patients suffering from \anoiis infections with Staph aureus, mostly 
resistant to available antibiotics, were treated The conditions included 
j)ost operatnc infections, cystitis, chronic bronchitis, abscess, tracheobron- 
chitis m a case of poliomyohtis, aspiration pneumonia, enteritis, jKironvchia 
with lymphangitis, suppurating fistulao after subperiosteal resection of the 
tibia, subdiapbragmatic abscess with ententis, and empyema with cerebral 
metastascs Angina in which » baemolyiic streptococcus was also found 
completed the list 

Tlie treatment consisted of administering 1 5 to 2 G daily by mouth in 
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4 dosea and/or local applications of a sttspenston at pH 7 containing 10 mg 
per ml (This remamed stable on storing for 1 week ) The results in each 
caso ^'ere described individually Twenty five patients received staphylo- 
mycin by mouth Following its administration the patients’ temperatures 
fell to normal within 24 hours to 5 days, depending on then* previous condition 
The intestincs-there were 9 cases of cntentis-were freed of staphylococci, 
abscesses were sterilized and persistently open and infected wounds healed 
Three cases did not reco\ er, 2 who had septicaemia showed no improvement, 
1 dying from an embolus Another patient with chrome bronchitis died of 
anoxia After death many mmutc abscesses w ere found in the bronchi 

Of the 10 patients who were treated both by mouth and locally, 2 died — 
1 from septicaemia due to a pseudomonas and another from heart failure In 
the others suppuration ceased, the lesions were stenhzed or the staphylococci 
reduced in number In those ivho received local treatment only, 15 in 
number, resorption of pus with rccalcihcation of bones followed the sterih 
zation of lesions There was complete heahng in 14 patients, the 1 exception 
bemg m a wound in which Ps pyocyanea appeared 
The reactions from treatment were limited to a rash and dizzmcss in i 
patient and some nausea and vomiting in another The blood cell counts 
remained unchanged during treatment, or improved 
Thus, among 60 patients, failures to improve under treatment amounted 
to 0, some of these being due to the supervention of a resistant infection and 
others, such as heart failure or embolus, were not directly due to the pereis 
tence of staphylococcal infection In the great majority stapbylomycm had 
a demonstrable effect on the staphylococcus, the healing of wounds and the 
subsidence of fever and symptoms 


AMPHOMYCIN 

A crystalline polypeptide antibiotic, active against Gram positive bactena, 
ampbomycin was isolated from culture broths of a Stnptomycea called 
canus by Heinemann, Kaplan, Muir, and Hooper (1953) It was crystalhzed 
and found to be an acidic polypeptide soluble m water and the lower alcohols, 
highly surface active and stable for a month m aqueous solutions with a 
neutral pH at room temperature The pathogemc orgamsms against which it 
was particularly active in vitro that is, those inhibited by concentrations 
of 2 6 Jig per ml , were as follows * 

Mtc pyogenes var aureus Bacillus antkracis 

Str pyogenes and other streptococci Bacillus 8u6hha 

Dtp! pneumoniae Cwynebactenum xerosis 

It had httle or no activity against Salm iypkosa, E coli, Shigella sonnei, 
Klebsiella pneumoniae^ PrcAeus imlgana, Pseudorntmas aeruyinosa, or Candida 
albicans 

I Coafirmed by Reedy and Shaffer (1957) who found that eowe strains of streptococci 
required 12 5 and some Slaph aureus 6 25 pg per rol for inhibition 
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One advantage this antibiotic posseted was its ability to inhibit m low 
concentrations strains of Slaph aunus which were resistant to penicillin, 
elilortelracj cime, and oxj’tetracycline The disadvantage of appljnng this 
drug to man, however, was revealed by Ti«ch, Hoekstra, Fisher, and Dickison 
(1955) who found that little was absorbed in experimental animals after oral 
administration Intravenous or intramuscular injections of more than 60 mg 
per kg , although producing high blood concentrations, i\ere apt also to 
produce renal damage and cardiac effects It uas still possible to trj topical 
application and, m view of its being highly surface active, this method of 
administration held out hopes of being satisfactory In 1956 Cronk and 
Kaumann applied ointments containing 5 mg per G of amphomyem 
combined with or %Nnthout a similar concentration of neomycin to 28 patients 
Buffenng from skin diseases These consisted mainly of acne vulgaris, 
impetigo, infected cysts, or contact dermatitis The orgamsras found in the 
lesions were 5/flpA aureus, Proftua rulgarts, Sacillus svbltlts, II in^^uenroe, 
haemolytic and other streptococci Obviously a number of these species were 
unsusceptible to amphomyem, as sensitivity tests in vtlro showed, and for 
this reason it was hoped that neomycin would be of benefit However, m 
spite of applications twice a day earned on for 2 to 8J weeks, there was no 
appreciable effect on the acne, but the roajonty of patients with impetigo 
improved promptly os also did those with contact dermatitis 
There was no evidence of skin sensitization or of imlition from the oint 
ments 
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ANTIBIOTICS INHIBITORY TO VARIOUS 
BACTERIA, INCLUDING GRAM-NEGATIVE 
ORGANISMS 

SYB>EMATIN B, ALBOMYCIN, CYCLOSEBINB 

FRAMYCETIN 

O BTAE.ED from a Slreplcmi/ces latendulae, framycetin or soframycin was 
prepared in France by Decans in 1947 (Decans, 1953) It is a tasteless 
substance, readily soluble m nater, and the solutions are stable It is rela- 
tively insoluble m orgamc solvents and its empmeal chemical composition 
consists of C, 46 G , H, 7 5 , W, 12 8 0, 33 1 pet cent {Shidloveky, Marmell, 
and Pngot (1956)) Its antibacterial range covers both Gram positive and 
Gram negative bacteria, including Eb typhoia, Salm paratyphx A and B, 
fihigcUae, E colt, proteus and pseudomonas species Staphylococci, m 
eluding those resistant to pemcdtin, are sensitive to it and some strains of 
Slyco tuberculoajs ate also inhibited by its action VTien given parenterally 
from>cetin is toxic to the kidneys and to the Sth cramal nerve (Massenat- 
Deroche, 1954) but its poor absorption from the gut enables it to be given 
\rithout harm for infections arising \ntliin the lumen of the gastro intestinal 
canal 

CLINICAL TRIALS 

A number of •workers have employed framycetin, alone or with other 
antibiotics, for the treatment of gastro enteritis m infants, and have 
found It useful ^ Laplane ft al (1955) treated 26 infants 'with gastro intes 
tmal symptoms, 7 of whom were severely dl, and from all of whose faeces 
specific strains of coli bacilli were isolated Stool cultures in the majonty 
became negative for the particular stram of pathogen being excreted withm 
48 hours of one or two 3 day courses of treatment In a further 8, 7 to 8 days’ 
treatment sufficed to free the stool cultures, 1 case receiving also the help of 
chloramphenicol 

These earlier results were confirmed by S<^neegans ei al (1056) One 
hundred to 250 mg admimstered m 2 doses daily sufficed to clear the stools 
of 32 out of 33 cases infected inth E colt I11B4 or E coh 55B5 m approxi 
mately 5 days, the stools having become normal m consistency within 24 
hours of beginmng treatment, in some instances ■without the necessity of 
modification of the diet Sebneegans et al compared these climcal and 
bacteriological results with those obtained in other cases "inth chlortetra- 
cychne, chloramphenicol, and neomycm No eenes escaped relapses or 
failures but the duration of the illness under treatment -with framycetm 

1 Cathala Foupinet, Janet and Xaudot (1954) Laplane Debray, and Duch4 (1955), 
MarquSzy, Debray, I^eveau Grenier and Lqi^e (1955) Pierret, Breton, Gaudier, and 
Prouvost (1956) Schneegans Haarscher, and Levy (1956) 
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comparcil favouraliU e\enTnthneom 3 cin Thej considered its poor absorp 
tion into tho blood stream compared with that of cblortetracj cline and 
cliloramphcmcol was another characteristic m its favour Still another group 
of workers — Picrret ct al , 193G — chose to add ncom 3 cm to their thempj for 
infantile gisfro enteritis, the doses bein^f framicctin 100 mg and neomycin 
0 25 G administered for 5 to 8 daj's Good results were obtained m most 
cases but even w ith the atldition of this bactcncidal drug the results were not 
uniformly so In drawing conclusions as to the value of fraraj cetin, therefore, 
one must take into account that where so man^ different organisms are hable 
to be partly responsible for the condition of the patient, its failure to bring 
about recoverj m all those under treatment is not necessanly an indication 
of inefficiencj 

In another senes of OO patients receiving chloramphemcol in addition to 
framj cetin, the latter antibiotic was prescribed in doses of 0 125, 0 25 or 

0 5 G per 24 hours in 1 or 2 doses for approvimatel^ C to 10 daj s (Slarqufej 
ei al , 195 j) The cohform pathogens disappeared from the stools of 52 of the 
patients, including earners major and minor forms of gastro enteritis, and 
ncurotoxic cases and the chnical results were immediately favourable In the 
rcmainiler treatment had to be prolonged, but Ihe result inis imfavourablo in 

1 patient only Sensitivity tests of 51 ofthcBtraiasisolatcdshowed that they 
were susceptible to framycetm irrespective of their reaction to chlorara 
phenicol In adult patients with normal gastro mtestmal canals, Shid|o\sk} 
(t al (1950) investigated the action of the antibiotic on the bowel tlora 
Groups of 5 mdmduaU each received 0 25G 3 times m 1 day or 05G 
4 times during the same period \Vbcn colony counts were made from 1 G 
of wet stool before and after treatment there was no doubt about the 
reduction in the number of bacteria m the trcatetl patients Below are tho 
figures before and after the doses described 


Done 

0-35 G 3 timn in 1 do} 
0-5 0 4 
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5 lO-COO 

C - (!«0 


after jirreenlei^ of 

Irralment redueiton 

<1-1 >00 
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Tlicrc was a decrease in both Gram positive and Gram negative bacteria i’ 
colt pseudomonas and proteus epenes although present before treatment 
wens not isolated in tho first specimens cvnmmcd 18 to 24 hours after it had 
been begun After cessation of treatment, however, tho bacteria originally 
present gradually returned and witbin 43 hours had reached higher numbers 
than were present before framycetm had been taken Aatud\ wasalsomado 
of the presence of yeasts and fungi Tlic«e if anything increased m number 
during treatment while anaerobic spore formers were little affcctc<l >o ill 
effects followed the administration of the antibiotic for this limited period 
of time 

Slndlorakvand I’ngot (19<>7) made a second trial of the effect of combining 
frnmicetm with nystatin in an effort to mluco not onlv bactcnal flora but 
also sexsts in the faeces Ha administering fmmycctm 500 mg togctherwith 
nsTitatm cither 500 000 or 1 000 000 Units 4 times a day for 24 hours and 
again examining wet stool samples Ifefoec and after lieginning treatment, 
they foun 1 a rcsiuction in flora oftheonler ofOO to09 per cent 24 to 43 hours 
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from beginning administration This time the organisms affected \rere 
enterococci and yeasts as tv ell as E coZ», proteus species, Psevdomcmas, Para- 
colohactrum, and A fatcalis Shidlovsky and Prigot concluded from their 
findings and from the absence of side effects that framycetm with nystatm 
TV ould bo a suitable method of preparing the bowel for surgerj 
A trial was made of the effect of framycetin in staphylococcal infections by 
Weber (1953) In 48 cases of Jong standing tuberculous fistulae secondarily 
infected with staphylococci and refractory to previous treatments with other 
antibiotics, Weber injected the drug directly into tho fistulae daily, 25 to 
50 mg in 5 to ]5 ml of phj’Siolpgical saline bemg given ^Vhen joints were 
involved thej were appropriately immobilized and the treatment which the 
patients were already receiving, sucli as streptomycin and isomazid, was 
contmuctl Results were equivocal for the fistulae closed m 15 cases and 
remained healed for at least the following 3 months, in 9 others heahng 
followed some further surgical intervention, in 12 the fistulae were greatly 
improved although not fully healed vv hile in 9 thej broke down agam within 
3 months of healing 


SYNNEMATIN B 

An AnUbiclic Acine against Salmonella oj Tijphoid Peter 

This antibiotic was first described bj Gottsbal), Roberts, Fortwood, and 
Jennings (1951) It was prepared from a mould belonging to the genus 
TilachUdium and was found by these workers to be effective in iilro against 
a number of species of Salmonella mcludmg Salm typhi and also against 
brucella Other organisms which were very susceptible were C diplhenae 
(0 25 Umts per ml ), Sir pneumoniae, Staph aureus, and I^otcus species 
An occasional strain of Slugelia and some haemolytic streptococci were also 
sensitive Although not obtained in tho pure form, a preparation contaimng 
8 to 32 Umts per ml ^ (1 Umt = the amount required to inhibit Salm typhx 
munum for 24 hours) was able to free cluck embryos of infection with Salm 
puUorum after inoculation of a culture containing 1 100,000 organisms, 
ttiereaa na coirtnjir vwre five after coueccAcftua s caitace 200 tiases ets 
dilute Mice were similarly protected from infection with Str pneumoniae 

Its activity was reduced by the presence of serum, but the size of tho 
inoculum had httle effect 

Two components of the synnematm were identified by Olson, Jennings, 
and Junek (1953), of which the second — — ^was thought to have the greater 
significance in clmical apphcation, for it was this one which showed its 
activity particularly against typhimunum Confirmationofitsactmty 
was made in nio when Olson and Jennmgs (1951) treated mice infected 
vnth this orgamsm by subcutaneous injechon The animals wero freed from 
infection as judged by cultures made from heart blood and organs Farther 
work on the sensitivity tn vitro of strains of Salm lyphi was carried out by 
Olarte and Figueredo (1955) Forty were tested and of these 13 were inhibited 

1 Syimematin can now bo purified to yield over 600 Units permg (Clark, Fnoke, and 
Lantus, lOoT) 
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by 0 5 UnJta per ml , 25 h} 1 Unit per ml , and 2 b} 2 Units per ml The 
next step m testing the antibiotic was its tnal m man In this Benavides, 
Olson, \ arela, and Holt (19oo) made tnal of 16 cases, 15 infected mth Salm 
fypht and 1 with Salm paratyphi All strains were inhibited bj 0 5 to 2 Units 
I>erml The patients were given -1 hourly intramuscular injections amountmg 
to betw ecn ^ mg and 350 mg per kg of bod> weight per daj A loading 
dose was earlv employed but this was followed by dulls and hj’pothemiia 
and so was omitted later Treatment was contmued for 12 to 14 days 
Responses were good m 12 patients, with fall of temperature within 4 to 10 
daj-s of bcgmmng treatment, marked clinical improvement and disappear 
ance of the salmonella from the blood and faeces — a condition which was 
raaintauied in convalescence In the remainder of the patients the fall of 
temperature was irregular or slow, 3 relapses occurring after imtial improve 
ment Observations were made on the rapid excretion of the drug in the 
unne, and in the blood levels after given doses These were as follows 
Uniltpfrtnl in blood beti^en 
Do*« I and i } ours a/ler dos6 

80 mg per kg per day 0 5-2 2 

ICO „ 0 5-5 8 

3^0 12 8 0 

Like penicillin oral administration of 8>7mcmatm B wus followed b> poor 
absorption but intramuscular administration of aqueous solutions and 
suspensions in oil were wcIJ absorbed, producing readily recogmzablclerelsin 
blood and urine (Silvester, Kirchme^cr and lamgo, 1D57) 

Comparison of the effect of 8>’nneraatin B with that of chloramphenicol in 
expcnracntal animals has been attempted b> Hobbj, Pikula ^rabec, Dalj, 
Sarrocco, and Lonert (1937) Tl»e> did not lead to clear cut conclusions 
but expenmentfi did show however that synncmatin B was capable of re 
diicing markedly the number of Satm typhimunum in the organs of infected 
mice 

The question arose whether sjnncroatm B was not identical with one of 
several antibiotics ohtamed from a different source — sewage material wuing 
from Cjighan, Sardima and collected bv Brotzu in 1948 (Florcj, 1933) 
This was termed cephalosporin N and was considered to be chemically identi 
cal with Bvaincmatm B both antibiotics being a dcnvativc of jicmctllm 
^vuuonaUv ilesctibed as anunocatboiy bul^l pcmcillin (.Abraham,. New- 
ton, Schcnck Ilargie Ol-’on Schourmans, Fisher, and Fusari, 1955, Abraham, 
Newton Crawford, Burton, and Hale, 1933) 


ALDOMYCIN 

AUwmvctn was brought to the notice of the medical world in 19 "1 (Dob 
rocholova Judinzcv Krechmer Aollcr, and Bviandina, Shapiro, and 
Shonn) For a description of its properties the author has dejxrndetl on 
transUtions the descriptions given in Fnglisb by Gau«e (1935), and the 
leading article m the Ifcrfical Journal (1935, ii 1198) Tlie antibiotic 
was derived from cultures of n new species ofstreptomy ecs callcvl Actinomycff 
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subtroptcus It w as found to inhibit Gram positive cocci readily, particularly 
the pneumococcus and staphylococcus, the latter was inhibited m the 
extreme dilution of 1 m 700 milhon,* a concentration that is 10 tunes more 
dilute than that at uhich pemcillm is active Haemolytic streptococci, 
however, are rarely sensitive {Garrod and Watenvorth, 1956) Gause claimed 
that it uas also effective against certain Gram negative bacteria such as the 
coll dj'sentery group and Friedlandcr s bacillus Its chemical nature m as 
described by Brazhnikova, Lomakina, and Muravieva (1954), but its isolation 
has presented a number of difficulties Itis a peptide contaimng 1 unidentified 
and 6 identified ammo acids and 4 16 per cent of iron When this latter 
constituent is removed from the molecule the antibacterial activity is reduced 
14 or 15 times but this can he restored agam by simply adding a drop of 5 per 
cent solution of feme chloride Its activity is also lost under anaerobic 
conditions, and reduced in 10 per cent blood serum However, 1 per cent 
casein or a 10 per cent solution of egg albumen do not affect its activity It 
forms salts with various acids The sulphate of albomycm is an amorphous 
red powder which is easily soluble in water, only shghtly so in methanol 
and insoluble in other organic solvents Later in\estigations were carried 
out by Staplej and Ormond (1957) into the comparison of albomycm with 
grisein an antibiotic reported on by Reynolds, Schatz and Waksman (1047) 
whose clmical tnals were abandoned omng to the ease with which resistance 
was induced in bacteria exposed to its action Stapley and Ormond considered 
that these 2 antibiotics w ere related owing to strains of E coU bemg mutually 
cross resistant Further comparison by paper chromatography end column 
partition chromatography mdicated that the 2 were chemically smiilar 
and identical with respect to their antimicrobial activity Such a conclusion 
from the aiailahle data iras confirmed by Waksman (195?) From the 
ascending and descending paper chromatography patterns 4 antibiotically 
active substances were distinguished in both albomycm and gnsem, each of 
differing activity and stability from the others It is possibly the varymg 
proportions of these components which may explam the differences found 
m the antibacterial activity of albomycm by Gause (1955) and Garrod 
(1956) 


Antibacterial activity 

Tie foUomiJg bactena were fauad sensitive to albomycin 


A aerogenes 
B subtths 
E col% 

Haemophilus pertussis^ 

Klebsiella 

Menmgococci* 


Pneumococci 
iSarctna subfiava 
ShtgelUt dysenUnae 
Spirochaetea 
Staph aureus^ 

Sir pyogenes^ 


Organisms which are insensitive are 
Listerella 

Mycobacienum tuberculosis 
Bacillus mycotdes 

' According to Garrod (1956) the activity vanaa considerabJy with the size of the 
inoculum • Less sensitive than the other listed species 

* Some strains only sensitivity not confizmed m ail strains tested b} Garrod (1956) 
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Resistance 

Albom 5 cm resistant strains of staphylococci had already been met vith m 
clinical practice by 1955, but at that time they constituted only 1 per cent of 
strains tested, but by 195G Garrocl and ^\ater\vorth had remarked on the 
'unexampled facility’ with which a small minority of any population of 
staphylococci could become resistant to the antibiotic There nas no cro^i 
resistance between pemciUm resistant and albomy cm resistant strains 
The mechanism of the antibictenal action of this drug has been sliomi (o 
be typically bacteriostatic, and to be dependent on the presence of oxygen, 
irrespective of the concentration of the drug (Shorin and Sizykin, 19;H) 

Experimental trials in mice (Shonn, 1951) showed that 100 per cent 
sun i\ al from 500 000 lethal do es of pneumococci could be obtained with a 
single subcutaneous injection of750,000 Units per kg of weight By eontnist 
a single dose of pemcilUn could only secure a 20 per cent sun ivnl amongst 
similar animals Good therapeutic results were also claimed for the treat* 
ment of experimentally induced staphylococcal and haemolytic streptococci! 
infectioas, and also infections with dysentery bacilli Infections of the blood 
and brain induceil in guinea pigs with Sptrochaela sogdianum w ere eradicated 
by mjectionsof 150 000Unitaperkg ofbody weightdaily forHdays This 
again compared favourably with the results produced by pcmeillm m similar 
infections Only 25 000 Units^ per kg of body weight giaen subcutaneously 
wore required to secure 100 per cent survival m mice infected avith 50 lethal 
doses of JViedlander’s bacillus, 500 lethal doses rcquiretl 4 times as much 
albomy cm 

Toxicity 

The absence of toxicity had been demonstrated m arnmaU and man So 
far, it has not been po^iblc to Ond a lethal dose for mice, rabbits, cats, or 
guinea pigs ^^^lcn injected subcutaneously or infrn\cnou9ly, mice have 
tolerat^ 50 million Units* per kg of twly weight Large intravenous doses 
do not affect the heart blood pressure, or respiration nor is there any cumu 
lative toxicity on repeated admimstration Intrathecal injections were not 
accompanied by any side reaction, nor did histological examination of tho 
organs, including haemopoiotic tissues of laboratorv animals treated with 
large doses daily for 30 days, reveal any abnormalities In man, Cause 
claimed, extensive chmeal trials had dcroonstratetl tho lack of any harmful 
effects Wien injected into the bodv, albomvcin is partiallv hut rcver'ibly 
!>onnd to serum proteins Tho complex is capable of dissociation in nro hut 
not m n/ro It is therefore impossible by the usual methods of titration to 
detect its concentration, unless this 13 150 Units per ml or more However, 
if scrum containing this bound albomvan » injecteil intrapentoneally into 
mice infcctwl with pneumococci or dy«entcrv bacilli it exerts some pro 
tcctivc effect Fxcrction via the kidneva is not great (Judmzcv, 1951) 

If, however injections arc repeated the amount excreted bv the kidney 
increases sharplv, since once the scrum proteins arc saturated, albomy cm 
remains free m the senim 

* 1 Lnil tl « minimum amount per ml which will ml ibit a (tapl > lororctu l>y 
weieht ll w i< rrol«ab!\ alv-ut (V00I4 fig rin> mdlwn tmts p* f kj wout I ll ert-rofo 
only be I 4 rof: in a SO p roou*c 



Cliapter 4 91 

Clinical Trials 

Albomjcin had been used wth succe^ in the treatment of pneumonia 
m 5 oung children, m the septic comphcations of dysentery and measles, and 
in i arious septic conditions c lused by pemcdlm resistant bacteria (Gamburg, 
1951 , Sokolova and Smirnova, 1953 Dobrochotova, 1951 , Krechraer, ei al 
1951 , Raiklier, and El man, 1952) Good results in children with pneumococcal 
memngitis said to be resistant to penicillin have been obtained by intrathecal 
injections of 100,000 to 200,000 Umts There ivero no side reactions Gilevich 
(1933) found that relapsing fe\er responded favourably to albomycm For 
adults the dose used vas 3 million Units intramuscularly tivice a day for 
7 to 12 dajs Pcntomlis and other surgical infections nere treated by 
Zemskov (1953) whose cases showed that the antibiotic exerted some favour- 
able action, and Berent and Gilman (1954) used albomycm to treat infections 
due to pemcillin resistant bacteria 

One of the difficulties in assessing this drug is the absence of any supphes 
with which to confirm its reported therapeutic effects One must wait until 
such supphes are available before pronouncing categoncally on the value of 
alboraj cm 


CYCLOSERINE 

An Antibiotic mtk a mde antibacterial range 

Cycloserine, or PA94 (knoTcn by tho trade names of ^eromyem and 
Oxamyan), was derived onginally from Slreptomycea orchidaceoue by Harned, 
Hidy and La Baw (1955) It was prepared from Streptomyces garypludite 
obtained from soil both m Guatemala and in the State of New York (Hams, 
Ruger, Reagan, Wolf, Peck, Walhck, and Woodruff, 1955) It also seems to 
have been produced from other streptomyces — Streptomyces laxtndulae — by 
SbnJJ ojid S/trdmas Ji baa the chemical structure of D 4 ammo 

3 jsooxazohdone, is arophotenc, very soluble in water, moderately so in 
most orgamc solvents, and is highly diffusible It has no defimte melting 
point but decomposes at 153® C In aqueous solution or at an acid pH it is 
rather unstable but httle affected by media between pH 4 5 and 8 The 
antibactenal actmtj of this antibiotic waademonstrated by Hams (1955) 

■ttuth the following organisms ^ cdli, Klebs pnmmanme, Pa aeruginosa, 
Salm achottmulkn, Salm typhosa. Shigella dysenteriae (shiga). Staph aureus, 
Str pneuwonioe.andastreptococcusresistanttoBtreptomjcm Besidesthese 
orgamsms, CucHer, Frost, McClelland, and Solotorovsky (1955) found it 
effective against nckettsiae and protozoa, and Cummmgs Patnode, and 
Hudgins (1955) showed that Myco fubercttlosts was susceptible to its action 
irrespective of whether it was sensitive or resistant to streptomycin or 
isomazid Table 8 shows the minimal inhibitory concentrations m serial 
dilution tests 
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Tables Aktib4cti:riai. Acnvm oFChcLosER^^E against 
Oegamsms Pathocevtc to JIan 


Organim 

2*0 «/«/raina 

# 1 ? prr ml rtqutrtd 
to iPiAitnl ffrwth 

Aerobacter 

10 


C diphVienat 

s 

6 25-50 

L coll 

10 

100-125 

h Tlonopaihxat, 

1 

50 

Klebsiella 

10 

25-500 

J/ yea j>We» 

& 

< 6* 5-125 

Myco tuhtrcvlosis 

1 

1O-20* 

Fastcurella 

1 

50 

Protein 

to 

125-500 

Pseuilomonu 

10 

100-1 000 

Salmonella 

10 

50-100 

Shigella 

11 

50-100 

Staph aurtus 

14 

6 25-100 

Streptoeocci 

Sir fatmoljtieai 

10 

50 125 

cnferoeocei 

10 

50-250 

Str pntumaniat 

7 

6 2»-12j 

Stf mridarm 

a 

50-125 


FremthetlatttofCunirauig^ Patmxle^ ftfulltudgins(l9^} CucUrr Fiwt McClellanil. 
aod SoIoCoranlcj’ 

• According to media used 

Acthlt) tn mo 

5Lco were protcctc<l from experimental bacfcnnl infections b\ sm'ill oral 
doses of 1 to 2 5 mg per mou«c The action of the drug i« tiro mbs demon 
strated against Somlia nmyt the spirochactc of rchpsingfe\cr, cjcloscnne 
Mas one tenth os actuc as pemcilhn Against E hulolylica m ^oung rats 
the octintj of the drug Mas Iom and no demonstrable cflect Mas produced 
on infectioas with coccidioidcs Trypanosoma fcrurei, Tnehomonas Jvtui, 
and Plasmodium gallinaceum Cjclosenne had no antihclminthic nctivitv 
against infection Mith Schistosoma mniwoni, Syphacia obrrlala, or Asptculans 
tetraptera in mice (CucUor </ al , 1955) 

One great advantage that this drug poasc«sod Mas its property of acting 
B^Tiergisticalh with other antibiotics Tmo groups of early Morkers testified 
to this Ilamserol (1955) observed this phenomenon in n/ro Mith penicillin, 
bacitracin, the tetraej clines, and chloramphenicol, and CucUer ei al (1935) 
note<l it m rieo 

Toxlcit> 

Itoth acute and chronic toxicitv of cjclosenne a.s judge<l bv its behaviour 
in animals arc low (\^ rich Putnam ami lUndall 1955), but m man evidence 
of a deleterious effect on the central nervous svstem has been oliscnfsi, as 
manifesteii bj headache vertigo or ilrowsincNs, and occasionallv convuNioas 
(Fpstem Nair, and Bovd, 1955) It was found that during adnimwtralion 
of the drug the protein m the cerebrospinal fluid tendcsl to nso abnorroallj 
and reached 80 to 93 mg per 100 ml (McDermott, 1935. personal com 
mumcation) In a Unite<i States Pubhc Health Service investigation (193C) 
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a proportion of patients being tinted for tuberculosis who received graded 
doses of 0 25 G or 0 6 G twice a day, 0 5 G once a day or 1 G once every 
2 days manifested convulsions, mental disorders, motor disorders, somnolence 
and dizziness, or fever and chills dunng each scheme of treatment except 
that in uhich 025 G nas given tince a day This led the Council on Drugs 
(1957) to recommend that initially the dose should not exceed this amount 
in the treatment of any infection 


Administration 

In spite of the ability of the drug to inhibit different types of orgamsras 
and its protective effect against infections induced by these, the serum con- 
centrations detected after administration of the usual doses of 0 25 to 1 G 
were often lower than the concentrations required to inhibit the bacteria in 
question in iilro Cyclosenno is readily absorbed when given by mouth, 
serum concentrations of 30 fig per ml or over being attained from 4 to 24 
liourg after a dose of 0 25 G , wlule 1 G produced a serum concentration of 
over 100 pg per ml When administer^ 6 hourly the following average 
values were obtained just before the next dose 

Dote, ftg perml at hours Jrom firtt dote 

6 hourly 6 12 JS 24 30 36 42 4S 54 60 

05G 10 1 18 82 82 84 48 

0 75 Q 13 7 24 30 33 38 48 43 48 54 


Rise in blood concentrations was slight or djI after the 80th hour 
After Welch Putnam and Randall (1955) 


When Robinson, Morgan, Richards, Frost, and Alpert (1955) estimated 
the blood levels in some patients they found roughly equivalent concentra- 
tions to those above after similar doses They gave the foUowmg figures 


Dose No of eases 

0 2 0 twice a day 4 

0 2 0 0 hourly 2 

040 . 1 

060 . 2 


Hangs of fig per ml 
tn «eru7i» 

3- 33 
7 4-40 

8-19 

4- 42 


Excretion 

jffjccreCtrjn tn ihe arr/nr Ositoeliasa ^1^35) sdstiOisteivd 5^ to ID&mg pec 
kg of body weight intramuscularly and by mouth to rhesus monkeys and 
measured the urmary output In the first 24 hours 80 per cent of the dose 
was excreted, but measurable amounts were still bemg passed 48 and 72 
hours after administration In man the urinary excretion, according to 
Welchefaf (1955),i3approximatcly60percent of the dose taken, confirmed 
by Conzelman (1955), and contmues for 3 days after the last dose Average 
values are as follows 

Aterage fig per ml 

Average fig per ml 3 days after last dose 
After 0 5 0 6 hourly 790 48 

After 0 75 Q 6 hourly 1,138 5 

Thus the bulk of the drug is excreted, so that if toxic effects are produced 
they should soon be reheved by discontinuance of therapy 
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Excrclton tn the faeces Tliia ui small in amount and not significant 
Presence in body fluids Approximately the same concentrations are found 
in the pleural and ccrebrospmal floid as are found simultaneousU in the blood 


CLINIC \L TRIALS 

Tlie results of trials in tuberculosis are descnbetl in Volume II of tins 
scries Apart from these, the mam field of inquirj has been m urinary tract 
infections Herrold, Boand, and Kamp (1955) treated 124 patients who had 
liecn prenouslj treated withvariousolherdrugswtlionlytcmporar) success 
The majontj of these suffered from some obstruction to their urinarj flow, 
such as an enlarged or infected prostate The infections were mainly from 
F eoh, proteus, Aerobacter aerogenes, pseudomonas, paracolon bacilli or 
staphylococci and streptococci Tlie patients were given 0 5 to 1 G daily 
by mouth when the infections were chrome, but patients with gonorrhoea 
received 0 25 G 4 times a day together with streptomycin in some cases 
As a result, of 49 patients with bladder and upper urinary tract infections, 
24, or 49 per cent , were improved or cured, of 19 patients ivith loner urmary 
tract infections 10. or 53 per cent , were improved or cured , of 51 gonococcal 
infections in males 3 orGpcrccnt .wereimproved or cured, and offipaticnts 
with non specific urethritis, all were found to ha\cimpro\ed or recoicred TJio 
side reactions with this dose were few only 2 occurred in 51 patients with 
gonorrhoea These reactions consisted of dizziness, a feeling of weakness, 
vertigo, drowsiness, light hendedness and ocular disturbances One patient 
suffered from a gastro intcstinaldisturbance ^ledicationwasstoppedm I case 
owing to apparent hypersensitivity, but as a rule mild reactions tended to 
disappear with the contmuation of treatment Children tolcrnteil the anti 
biotic well it was tolerated worst by the elderly Herrold tt al (1955) came 
to the conclusion that the most suitable dose was 1 G daily gn en in divided 
doses They emphasized, however, that the results of treatment often 
appeared only 10 to 14 davs after treatment was administered Relapse was 
common however unless improvement was aecompanieil by disappearance 
of the offending bacteria I ittlc evidence was found of the development of 
resistant organisms dunng treatment Robiason rt al (195'j) reported on the 
treatment of 22 patients 3 of whom had pyelonephritis The dose used was 
OSG dailv in dindctl doses Two of the 3 patients gradually respondeil to 
treatment Ltllick Strang Boyd, Schwimmer, and "Muhnoa (1P>C) obtained 
good responses in 0 of their 7 eases of unnary tract infections, and Starmell 
and Prigot (195G b) w ho treatevi cases of gonorrhoea with the dose usot! by 
Herrold el al (IDVi) ob«crv«l little response, althougb over 1 O daily was 
given 

Otlicr diseases which were treated were ns follows 
Respiratory Infections 

Seventeen cases of pneumonia were treateil by Robinson r/ of (105.7) In 
only 3 was a gocxl response obtained but gradual improvement occurred In 0 
TIas IS in markcil contrast to the findings of Ltihek ei al (1050) who observe*! 
gootl responses m 3S out 0145 cases with respiratory infections 
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Herpes 

Lillick d al (105G) claimed good responses as a result of treatment in all of 
14 cases 

Venereal diseases 

Apart from gonorrhoea, in which the response was poor, Marmell and 
Pngot (19566) used cjclosenne m 2 cases of Ijmphogranuloma venereum 
and 2 of granuloma inguinale Tbero was no noticeable improvement in 
either case of lymphogranuloma venereum after total doses of 10 and 21 G 
respectively, but with granuloma inguinale the lesions progressed favourably 
until they had healed hj the time 20 or 30 G had been admimstered 

Miscellaneous conditions 

Cycloserine was given a trial m such conditions as infectious mononucleosis, 
infective hepatitis, and pj^evia of unknoim origm by Lillick et al (1956) 
None of these conditions showed any response except for 2 cases with pyrexia 
of unknown origin in which the fever subsided 

On studying these somew hat unsatisfactory results, it is as well to remember 
the observed phenomena of synergism between cycloserine and other anti* 
biotics Indeed, Robinson d al (1956) observed in man that email doses 
seemed to potentiate the action of penicillin or dihydrostreptomycin 
Nevertheless, the relative ease with which toxic effects can be produced m 
man do not encourage the use of this antibiotic unless others a\ ailable have 
failed to have a therapeutic effect 
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AXTIBIOTICS OF LIMITED CLINICAL 
APPLICATION GIVING TO SOME TOXIC 
EFFECT 


TYROTHRICIV, GRAMICIDIN S, BACITRACIN, rOLYMTSIK, 
NEOMYCIV 


TYROTIIRICIN AND ITS DERIVATIVES 


GENERAL CONSIDERATIONS 


Tms antibiotic was prepared even before penicillin Dubos in 1939 described 
an extract he Jiad made from a spore bearing bacillus, a*hich anis later 
found to conform to the characlorutics of Bacillus bm w (Dubos and Hotch* 
kiss, 1&41) The extract made from the culture both killed and Ij'sed pneumo- 
cocci, streptococci, and staphylococci when incubated w-jth these orgamsms 
at37®C As «:lh manj other antib»oti« the extract uasstableinaUcahno 
solution but was inacticatcd at a pll lower than 5 5 Work on this extract 
led to the separation of tyrothnein mto 2 component substances, gramicidin 
and IjTocidine (ffotchkiss and Dubos, I WO), the former liaMng the greater 
antibacterial activity 


Table 9 iVNTiBACTERiAL Act ivi ty or GRAanctoiN 


Oryanum 

Str pneumontae 

Sir pyogenn {Groups A. B, and C) 

Str pyo^rnM (Group D)* 

Anftrrolne ifrrptoeoceut 

StapA aurtiu 

C dipAlhervJt and diplithrroid borilli 
Myro lubereutotu 
Ji anSAroett 

Sapmphptie arroBie fporulatinc baritli 
Cl (rfoni and othrr rporulAtmK bortlli 
yonorrkotae 
A(»*trw3 rnenmyiltdit 


tny perrnl ej frramiculiti 
tn brvlh ccmlofnynp 1 per by titrue evllurt 
eent emm albumin tneihod, pj per ml 

0-005-0 02 0-5-2 5 

OOJ-O-05 6 0 200 

0- 05-0-2 

001- 0^02 20-C0 

|Vn5-D-5 

0 5-5 0 100~> 300 

0 05-5 0 
D02-0-05 
5 0-20 0 

01-10 

002- 0-5 
0-5-lDO 
0-5-100 


• Inrludins mt«woccu* anil Str /irmlu 

From tlx* data of Duto* quotoil by llm IrwJD (1916) and from llrnrll and Ilnlman 
(1911) 


Further work on gramicidin exammed the extent ofitsantilwictenal activity 
inn/ro Table 9 gn ex some hlnoftlieantibactonat range of gmmicidm. but 
methotlt for testing the sen.sitmtj of organisms to antibiotics had not then 
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been standardized as thej arc at present so that results are not strictly 
comparable Gram negative bacteria ■were not inhibited nor were any of 
these organisms lysed Tyrocidino was found to have only one tenth to one 
fiftieth the activity of gramicidin against Gram positive cocci, but to be 
somovhat more active against Gram negative cocci and bacilli Tyrocidine 
also appeared to be bactericidal as well as bacteriostatic (Dawson, Hobby, 
Meyer, and Chaffee, 1943, Downs, 1&42, 1943, Dubos and Hotchkiss, 1941 , 
Herrell and Heilman, 1941, Hobby, Meyer, and Chaffee, 1942, Robinson 
and Graesslo, 1 942 , Tishler, Stokes, ^nner, and Conn, 1 941 , Waksman and 
Woodruff, 1942) 


Acquired resistance 

Rammelkamp (1942 o) showed that increased resistance to tyrothnem 
could bo mduced both tn vitro and tn ttvo, and these findmgs were eon 
firmed by PhiUipa and Barnes (1042) and by Hotchkiss (1944) From the 
chnieal point of view it is of interest to note the observations of Lmd and 
Swanton (1 954) who studied the incidence of org&msms resistant to 20 fig of 
tyrothricin per ml in children who used a dentifrice contaming tyrothricm 
2 to 3 times daily for 2 years At the end of this time swabs were taken from 
their gums and cultured Although streptococci, pneumococci, coryne 
bacteria, neisseria, and micrococci were isolated from the swabs, all of these 
organisms were inhibited by 3 125 pg of tyrothricm per ml and there was no 
significant difference m the sensitivity of streptococci and corynebacteria 
g r ow n from the gums of these children and those of 107 other children who 
had had no tyrothricm in their dentifrice 

Toxicity 

Unfortunately both these substances were found to haemolyse erythro- 
cytes (Heilman and Herrell, 1941, Rammelkamp and Weinstem, 1041) 
Dubos and Hotchkiss (1941), under the conditions of their experiment 
found tyrocidme to be haemolytic but not gramicidm This was not fully 
confirmed by Slaim, Heilman and Herrell (1943) who found that 5 per cent 
horse serum in the medium eliminated the haemolytic activity of tyrothnem 
and greatly reduced that of gramicidin Leucocytes and tissue cultures were 
sJsif Oi'tfsfvartshif by Jwfth grauawajd^ asd 

kamp and Weinstem 1942 , Dubos and Hotchkiss, 1942-3) At a later date 
Krupm (1951) claimed that this haemolytic action could be counteracted by 
growmg B auUths in the test media contammg gramicidm 

When gramicidm was given by mouth to mice and rats these ammals 
could tolerate as much as 1 G per kg (Robinson and Molitor, 1942), but tins 
may have been due to destruction of the antibiotic m the gastro mtestmal 
tract Intraperitoneal injection of 60 mg per kg was fatal to mice m 7 days, 
but the ammals survived a dose of 10 mg per kg Intravenous injection was 
fatal m 7 days at a much lower dose, 3 75 mg per kg , while higher doses 
killed withm a day When dogs were used, intravenous injection of only 
2 mg per kg was fatal, according to Rammelkamp and Weinstem (1942) 
These workers reported extensive liver and kidney damage after administra- 
tion of the antibiotic Tyrocidine was equally harmless when given by mouth, 

B 787S n: 
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but of the same order of toncjty by mtrapentoneal and intravenous injections 
in mice and rats 

Tyrothncm, bemg a variable mixture of the two components, also varied 
somewhat in its toxic effects Daily mtravenous mjection of 0 4 mg per kg 
of an early preparation killed 7 out of 8 dt^s according to JIacleod, Jlinck, 
and Curnen (1940) If the dose was lowered to 0 3 mg per kg petechial 
haemorrhages and necroses were found in the hver and spleen, kidney’s, 
heart, and lungs, but with 0 2 mg per kg only mmor changes were seen 
Rammelkamp and Weinstem (1942) confirmed the deletenous effects of 
mtravenous mjection of tyrothncm m dogs and also found that intradermal 
mjections or mjections mto body cavities were toxic In man, however, 
200 mg of the drug could be mjected without lU effect mto the pleural cavity 
when this was infected and covered with granulations and fibrin At a later 
date the usual complications of antibiotic therapy m man were sought 
Grolmck (1946) exammed the xiossibihty of sensitizing patients by apphea 
tions of tyrothncm hut could find no evidence of this Stnps of filter paper 
soaked m 20 times the concentration of tyrothncm required for therapeutic 
effect were placed for 48 hours on the arms of 171 men and women and the 
effect noted Nevertheless KozoU, Meyer, Hoffman, and Levine (194G) and 
Goldman, Feldman, and Altemeier (1948) observed an eczcmatoid dermatitis 
around lesions to which tyrothncm had been apphed In the patient de* 
scribed by Goldman et al (1948) patch tests were corned out after the 
dermatitis had subsided, and revealed the patients’ hypereensitmty to 
various agents mcludmg tyrothncm, pemcillin, and bacitracm A direct 
effect on mucous membrane was observed by Se>dell and JIcKmght (1948) 
In these patients tyrothncm had been used m a concentration of 1 5,000 as 
an mtranasal spray or as nasal drops Immediately or very shortly after 
treatment patients lost their sense of smell or found it had become abnormal 
The condition persisted for 4 to 8 months 

Administration 

From experiments in animals it was found that tyrothncm and its compo 
nents were therapeutically mactive when administered parenterally {Robin 
son and Graessle, 1942) This is perhaps because the drug is maciivatcd by 
serum (Rammelkamp and Weinstem, 1941) However, m confirmation of 
Dubos’s work, these workers were able to protect mice from 10,000 lethal 
doses of streptococrj mjected by Ihe same route, by isjectisg B to iOftg of 
either tyrothncm or gramicidin mtrapentoneally Protection was not 
afforded against jSlaph aureua or Cl teelcAu With similar treatment TiUett, 
Cambier, and Harris (1943) protected mice against pneumococcal infection, 
and Hoogerheide (1940) and McDonald (1940) against anthrax These 
experiments serve to support the conclusion that if the toxic effect of the 
drug 13 to be avoided admimstratiou should he confined to the oral route and 
to local apphcations to infected surfaces 

In spite of the serious toxic effects of mtravenous mjection of the drug m 
experimental ammals. Biro, Szekely, Votm, Nagy, Endes, and Bdhnt (1950) 
prepared a solution for mtravenous use wluch could be infused into rabbits 
for 2 weeks without any evidence of damage to the kidneys, hver, spleen, 
lungs, or bone marrow The preparation was then given to 16 subjects 
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^\lthout producing abnormalities m tests done on tbe urine, blood, and liver 
function These authors thus felt justified in treatmg 73 cases, and 85 per 
cent of these recovered from their various infections 

As far as oral administration was concerned there seemed little hope of 
the drug bemg therapeutically effective after the experiments of Weinstem 
and Kammelkamp (1941) These authors found that avhen mice were fed 
a susceptible Gram positive organism — Ixictobacillus acidophilus — m a diet 
which encourages the growth of this organism, the incidence of lactobacilh 
m the stool flora ^vas unaffected by the admimstration of 0 5 mg of tyro 
thricin daily or tw icc daily for over 3 weeks In both the treated animals 
and the controls lactobaciUi continued to constitute as much as 90 per cent 
of viable organisms These results were attributed to the destruction of 
tyrothricm by pancreatic or mtestinal juice Rodaniche and Palmer (1943), 
however, produced a considerable reduction m the number of faecal strep 
tococci by admimstenng tjTOthncin after the numbers of colifonu orgamsms 
had been reduced to a mimmum by means of a diet containing 3 per cent 
succinj Isulphathiazole 

The drug was most effective when given as a local application and even 
then Its use had to be limited to wounds wlicre granulations were plentiful 
(Howes 10466) Solutionsoftyrothncmwcremadeupmalcofaolandglycenn 
and diluted so as to form colloidal suspensions in water, so that the final 
concentration of the drug was 0 5 mg per rol With a small amount of 
cationic detergent both gramicidin and tyrothricm could be completely 
dispersed m ivater (Dubos, personal comtnumcation) A solution of the 
drug m 05 per cent alcohol was apphed to ulcers by Kammelkamp (1042 6} 
and other preparations were made from solutions in propylene glycol and 
carbowaxes A powder, diluted with boric acid, was used for insufflation 
onto infected areas 


CLINICAL TRIALS 
Infected ulcers, wounds, and burns 

In infections due to Sir pyogenes very good results folloived the apphea 
tion of tyrothricm or gramicidin The lesions frequently became free from 
streptococci after treatment and healing took place or grafting was made 
possible Such results were reported by Henrell and Heilman (194:1), Herrell 
(1943), Rammelkamp and Keefer (1941), Kammelkamp (1942 b), Wright, 
V W M (1942), Kvale, Barker, and Herrell (1944), KozoJJ, Meyer, Hoffman, 
and Levine (1946), Lask (1948), Merrill (1948), and Mom (1946) It is inter 
eatmg to note that, as was the experience with pemcillm, KozoU et al (1946) 
noticed that in wounds tyrothricm seemed to encourage the growth of Ps 
pyocyanea even though there was no evidence of this in vitro 

Respiratory tract Infections 

Rammelkamp (1942 b) used tyrothneia for the treatment of pharyngitis, 
and Schoenbach, Enders, and Moell» (1941) claimed that earners could be 
cleared of streptococci by tbe use of this drug Lmdsay and Judd (1943), 
however, could not demonstrate any beneficial effects from the use of 
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tjTotbncjfi in their patients, anti the results of other iiorhers for example 
Crowe, Fisher, ani, and Foloj (lD13)andITcTrcIl (1945) were not conclusive 


Otolar>ngological infections 

TvTothnem vvas used BammelliAmp (1142 b) m repealed dressings afler 
raastoidcctomj operations '\\’hen streptoeocci were present they often 
dmppeared with this treatment Bordlej, Crowe Dolowatz, and Pickrcll 
(19-12) and Crowe and Ward (1143) also us^ tjTOthncm m otohrxngological 
work Although thej were not able to give exact results from their work, 
thev were convinced that when gramicidin or tjTothncin was used to paint 
an area of operation or to pack the canty left bchuid after operation thev 
were invaluahlo in reducing the post operative discomfort usually snfiered 
bj patients with septic infections due to streptococci or pneumococci These 
workers emphasized the fact that when staphylococci were present these 
organisms were umnflucnced by the antibiotic It was perhaps for thw reason 
that Crowe (1944) advocated the packing of cavities after operation with 
penicillin, reserving tyrothnem for painting the wound immediatclv after 
operation It is in this field that tyrothnem has been used most frequenth , 
for the small canties about the nose and car lend themselves to local applica 
tions better than most other parts of the liody The drug has been u«o<l in 
otorlunolaryngological conditions by Falbe Hansen (1CM9), 'Mirault Krctch 
mar (1948), by Muller (194S) who washed out infected maxillary sinu&cs 
twice daily with a solution containing 0 3 mg per ml but without great 
success and bv Sambataro and Clcnci (10^) who lastillctl the drug intra 
nasally m patients suffering from common cold, nasal allergy, or citarrhol 
sinusitis 


Infections of the eyes 

TyTothncin was usually used in concentrations of 1 *5 000 for instillation 
into the conjunctival sac but Hcrrcll (1945) ii^cd a conctntrntion of 1 200 
m a ftw eases vnthout detriment to the tissues of the cv cs \\ ithout dttcr 
mmiiig the nature of the causal haclenn it is of course not possible to fore 
cast what effect the drag would hove Nevertheless Streicher (I‘144) met 
wall some success m the treatment of conjunctivitis anil keratitis, and 
Bellows (1013) Heath (1014) and Alolner and Cooper (1911) raw tome 
improvement in cases of epidemic keratoconjunctivitis bliphantis and 
punctate keratitis associated with chronic conjunctivitis and dacrvocystitis 
OsterlK-rg (1919) using a proprietary preparation of tvTothnein TywHun, 
liad remarkable success m 131 out of 14G ca«es of blepharitis who were 
ciirtsl in 2 to 3 weeks Ho was equally successfiil m the treatment of acute 
ronjiincfiviti-s and acute supcrficjal keratitis Mlint is more, he saw no 
sensitization phenomena in aiiv of his patients Tv'rothnem was also uscil 
m an ointment base at a concentration of 1 5 000 hv Bloomficll (1911) 
for the treatment of marginal ulcers of the conica I our casw, which had 
resLs*c<l previous treatments resjx>nd«l eatisfnctonh to this 

Trachoma Bictti (1918) usovl eolutionsat conccntratioas of up to 50 mg of 
tVTOlhncm per 100 ml and olKcrxeil a reduction in the conjunctival tlorv 
I ut no effect on the trncliomatous lesions 
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Empyema 

Iragation of empyema cavities with tyrothncin solutions after drainage 
uas carried out by Rammelkamp 6) and resulted m the rapid disappear 

nnce of streptococci from the lesions Kammeihamp used as much as 100 mg 
in each instillation Donaldson and Samuel {19-10) were not so fortunate with 
the cases of empjema which they treated in tuberculous patients None of 
these patients had open drainage, and they thus had less chance of nddmg 
the empyemata of their Gram positive cocci Although these authors did 
not use more than 10 to 50 mg per instillation, the temperature rose in all 
patients following the procedure, but the character and amount of the exudate 
did not alter 

Infections of the skin 

Bammelhamp (1942 a) again seems to have been the first in this field Ho 
found that skin ailments caused by Sir pyogenes responded occasionally 
to tyrothncin, and similar results were reported by Herrell (1945) MacKee, 
SuUbergcr, Herrmann, and Karp (1946) found that when tyrothncin was 
incorporated in a special base it was useful for controUmg the secondary 
infections superimposed on vanous dermatoses These authors were even 
impressed by the value of the drug in 112 patients with acne vulgaris The 
prescription used was as follows 


Sodium mixed alky 1 benzene sulphonate 1 0 0 

Tyrothnem 0 1 Q 

Propylene glycol 10 OG 

Datitled water 88 OG 


Contrary to the chmeal findings of Bloomfield (1944), H E Anderson (1946) 
found that tyrothncin was ineffective when mcorporated in the common 
ointment bases, but obtamed good results in three quarters of his 20 cases 
when wet dressings contaimng the drug were apphed to infected areas An 
ointment was agam u«ed by Lubowc (1951) but this contamed bacitracin as 
well as tyrothnem Impetigo, ecthyuna, and infected wounds all improved, 
but ulcers of the feet vrere more variable m their response, as also were cases 
of herpes zoster, sycosis barbae, and paronychia Lubowe had no success m 
treating folhcuhtis or hydradenitis suppurativa 

Infection of the bladder 

Herrell and Hedmaa (1941) reported an excellent result in a case of 
streptococcal cystitis which bad been refractory to previous treatment 
Solutions of 600 pg per ml were used to irrigate the bladder 

Gonorrhoea 

At a time when chemotherapy for gonorrhoea was not particularly satis 
factory local irngations of the urethra for the acute infection were practised 
Dub (1944) used this method with tyrothncin and claimed some success 

Infections of the central nervous system 
Brain abscesses Kuzmenko (1949) instilled gramicidin m 12 cases of brain 
abscess in frontal, parietal, or occipital areas, after the contents of the 



102 TYROTHIUCtN aaplprS 

abacesseshadbeen aspirated In? other (»scs the cavities %\ero irrigated every 
24 hours after they had been opened The somewhat drastic concentration 
of about 1 100 was u«ed The infecting o^amsms were streptococci, staph} 
lococci or mixed flora including Gram negative rods All cases recovered, 
and suppuration sometimes ceased after a single irrigation A single irrigation 
was obviously not rehable, as recurrence appeared in 1 case 10 days after the 
irngation However, 8 of the 12 cases required no more than 2 to 4 aspira 
tions and instillations In the 7 cases with abscess cavities which had 
already been opened recovery took longer, and the post operative period was 
apt to be compheated by prolapse of the brain tissue anil growth of Gram 
negative rods Kuzmenko (l&if)) recognized that the open method of 
treatment had the disadvantage of allowing added and perhaps resistant 
infection to supervene Peiucilbn was also administered to these cases in 
doses of 100 000 Umta intramuscularly every 24 hours, so that the efficac} of 
gramicidin can hardly be assessed 

Gastro-Intestlnal infections 

T}TOthncm was applied by Cantor (1946) to infections involving the 
rectum Ha apphed continuous wet dressings post operatively to all rectal 
and open pilomdal surgery, that is for hacmorrhoidectomy, prolapse, excision 
of anal ulcers, excision and saucenzation of flstulae, &c , until healing was 
completed The solution of tyrotbnem contained 25 mg per ml and this 
was diluted 50 times in distilled water before soaking the dressinga in it Ho 
suppuration of the wounds was seen and healmg was rapid, while patients 
were up and walking within 24 hours of operation The only disadvantage 
of this method of treatment seems to have been perianal dermatitis, which 
sometimes appeared where the wet dressings overlapped the open wound 
This however, disappeared rapidly soon after the applications ceased 

Obstetric and gynaecological conditions 

Vaginitis Five patients with acute pruntus vulvae and leucorrhoea were 
treated by Sanchez Ibdnez (1951) In all these cases Trichomonas vaginalis 
was isolated from the vagina and in 1 case there was also a gonococcus and 
m another a staphylococcus Tyrothricin was given in a suspension con 
taming 50 mg together with 50 mg of bone acid in 100 G of water This 
preparation was insufflated after a douche with 5 per cent lactic acid, every 
2nd day for at least 4 applications After the first apphcation bactenological 
exammation of vagmal smears was negative in all cases and remained 
negative for the next 3 months 

Puerperal mastitis Twenty patients with puerperal mastitis due to Sta^ 
aureus were treated by Schweigmann (19^) An aqueous suspension of 
tyrothnem was instilled mto the abscess cavity immediately after incision 
of the infected breast and wet compresses were subsequently apphed 
Schweigmann considered that this method of treatment reduced by half the 
period for which patients treated with pemcUhn and the sulphonamides alone 
were usually kept in hospital 

Diphtheria carriers 

Since C diphthenae was known to be comparatively sensitive to gramicidm. 
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earners attending the Infectious Diseases Hospital, Turin, had their throats 
Bpraj ed with 3 ml of a 1 2,000 suspension of tyTOth^cmt^v^ce a day After 
4 days of this treatment these OTganisnm had disappeared from 98 out of 100 
throat swabs The remaming 2 nere refractory to treatment (Baglione and 
Di Nola, 1950) These workers considered that healthy carriers were slower to 
react to this treatment than convalescent patients 
The advent of other antibiotics, which can be administered systemically 
against infections due to Gram positive bacteria, since they have minimal 
toxic effects, has tended to rel^ate tyrothricin and its derivatives to the 
background Used discreetly in concentrations not exceeding 1 200, how 
ever, its bactericidal activity and small power of inducing sensitization m the 
patient should still give it a useful place in the list of antibacterial agents 
apphcable to man 


GRAMICIDIN S 

This antibiotic was isolated by Cause and Brazhnikova (1944) After 
testing many hundreds of sponilating bacilli from Russian soils m the hope 
of finding an organism which would antagomze the staph3lococcU8, they 
found one which was capable of doing this and from it gramicidin S was 
isolated and later crystallized Like gramicidin, it was a polypeptide, being 
insoluble m water but easily so m alcohol Its antibacterial activity in iniro 
was promising since it inhibited 18 strains of Staph aureus and 10 strains of 
streptococci, at a concentration of 1 100000 Cloetndia were even more 
sensitive. Cl icclcftt* and Cl htstdytteum bemg inhibited by 1 140 000 It 
was also active m higher concentrations against salmonellae, shigellae, 
V chalerae, proteua and E coli Lipoid substances reduced its activity 
against Gram negative organisms, but did not do so against Gram positive 
organisms There did not, however, appear to bo any investigation into the 
influence of blood or serum on the activity of this agent Its toxicity m 
white rats was much the same as that of tyrothricin, the LDm bemg 17 rag 
per kg Its use in man, therefore, was confined to local apphcations When 
used m this way m wounds, solutions of the drug did not produce any 
damage to the tissues 

Clinical trials 

Gramicidin S was used by Sergiev (1944) m 1,500 cases It was dispensed 
as a 4 per cent solution m alcohol and then diluted 100 times with water so 
as to make a final concentration of 0 4 mg per ml It was also used as an 
ointment incorporated m castor oil Seigiev (1944) considered that it was 
successful m arresting or limiting suppuration m soft tissues osteomyelitis, 
empyema, peritomtis, and various skin infections Lavrentyeva (1947) 
confirmed its value m the local treatment of empyema Due to its greater 
activity against Gram n^ative organisms it was considered that this 
substance would be of more value than gramicidin for local apphcation in 
pj ogemc lesions w here the causative mgamsms were not known 
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BACITRACIN 

GENERAL CONSIDERATIONS 

This antibiotic V as first prepared by Johnson Anker, and Mclcnej (1045) 
from a culture fluid in nbteh a baciWus obtained from a compound fracture 
of the tibia Lad growm This bacillus m as selected because it « as particularly 
active m preventing the grouih of colonies of other bacteria m a culture 
plate made from the wound Johnson et cl (1943) considered that the 
organism was BactUva aubtiha hut it was later identified as bacillus licXeni 
formia (K Burden, quoted by Sleleney and Johnson, 1949 fl) Thus it was 
shown to be the same species of bartcrium as that which had produced 
Ayfivtn (Newton and Abnhnm, 1950) Study of the latter substance has 
led to further information being obtaineil about the nature of bacitracin 
(Sharp, Amagada, Newion, and Abraham, 1949) 

Johnson e( al (194S) defined the Umt of actmtj of bacitracin m terms of 
a group A hacmolidio streptococcus A Umt was the amount required to 
inhibit completely an overnight broth culture of this particular stram diluted 
m beef infusion broth to 1 1,024 It therefore has no relation to the Umt 
used for assaying penicillin Melcney and Johnson (1053 o) found that 1 pg 
contained between 35 and 50 Units of the active substance Eventuallj, an 
international standard for bacitracin was set up bj the World Health 
Organization (1954) Assays from C laboratories m 5 different countries 
established that 1 Umt contained 0 0182 mg of the standard batch In 
other words, 1 mg contained 55 International Units Bacitracin was found 
to be readily soluble in water It coufd be kept m acid solution at 6^ C but 
not in alkaline solution when the pH was above 0 0 Sloroover the antibiotic 
resisted digestion with both pepsin and trypsin It was not thought bj Anker, 
Johnson Goldberg and Melency (1948) to be a poljrpeptide, but unfortu 
nately these authors were not able to obtain the material in a pure state 
before tbeir first publication and it was thus impossible to attribute uncqmvo 
cally to bacitracin the various effects produced by their compound in cxpcri 
mental trials ^\hen Craig Gregory, and Barry (1949) examined the material 
further they considered that it might be a mixture of polypeptides Purther 
purification led to the separation of bacitracin into 3 peptides bacitracin A, 
B and C (Newton and Abraham, 1950) Bacitracm B was the least potent 
antibacterial constituent and also the least toxic, whereas 0 had a greater 
acute toxicity than either A or B The antibactcnal properties and acute 
toxicity tests appeared to run parallel with one another (Newton, Abraham, 
Florey, Smith, and Ross, 1951) Another constituent, bacitracin F, derived 
from A had no antibacterial action against the test organism but was just 
as toxic as bacitracin A (Codington 1954-5) It should therefore bo removed 
Irom preparations before these are used for systemic injection 

Antibacterial activity 

The sensitivity of various organisms to bacitracm tn vitro is given in Table 
10 These orgamsms were mainly iscdated from pathological material 
There was not much evidence of cross resistance between bacitracm and 
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other notibiotics in the streptococcus and the staphylococcus some strains 
•nero sensitive to penicillin and baalracin and chlortetraoj cline, whereas 
others were inlubited by one anttbiotie and not by the others (Meleney and 
Johnson, 1047, Melcney, 1050) Pome (1051), however, considered that he 
had demonstrated cross resistance between bacitracin and pemcilhn Evi- 
dence in litro was put forward by Bachman (1949) that a synergistic effect 
was produced by bacitracin and pcmcillm avith certain strains of streptococci 
and with an organism isolated from the vagina (Goldin and Auerbach, 1930) 
A synergistic effect was produced by bacitracin, tyrothnem, and cohalt, 
according to Torni and Ruggenini (1954), and by bacitracin and neomycin, 
according to Young, Yoshimura, and Felsenfeld (1950) Eagle and Fleisch- 
man (1048 a) shoired that penicillin and bacitracin were also synergistic 
m the treatment of rabbit syphilis Synergism was demonstrated between 
bacitracin and pcmcilhn in strains of staphylococci isolated from 3 cases of 
osteomyelitis (Meleney, 1957) 

Table 10 Altibacteriai. Acnvrrv of Bacitracik against 
Organisms pATnoQENic to Wan 


Crganism 

Ite«moIytic streptococci 
Groups A, B C, F, O 
Group D 

^on haeraolytio streptococcus 
Pneumococcus 

Staphylococcus (coagulase positne) 
Other micrococci 
0 diphlhertat 
Meningococcus 
Gonococcus 
ff iftjfuen'ae type B 
i? aniAraa4 
Anaerobic hactena 
Cl welehit 
Ct seplicwn 
Cl sordtlln 
Cl noiri/% 

Cl tetan% 

Cl hietoljUcum 
Non haemolytic streptococcus 
Haemolytic streptococci 
Micrococcus 
Diphtheroid bacillus 
AcHnomycee Israeli 
Trep pallidum (Reiter 8tiain)t 


VnU*perml causms inhibition 

0 025-0 005 
3 0-0 008 
3 0-0 023 
0 1-0 002 
6 0-0 05 
6 0-0 008 
0 015-0 004 
0 01 
0 006 
0 63 
0 5-12 5 

0 025-0 002 
0 OI-O 002 
0 Ol-O 003 
0 01 

0 01-0 006 
0 025-0 004 
0 1-0 005 
0 01-0 001 
0 5-0 003 
0 003 

0 075-0 005 
0 004 


E coh,A aerogents A cloacae Rroteus.Ps aere^inwa.l Alluihibitedby SOIJmls 
B alkaltgenes.Salm iyphota 8h allaleecene and fungi /per ml or more 


• 1 Unit = approximately 0 0182 mg of a standard hatch of hacitracin (Humphrey, 
Lighthown Mussett and Perry, 1953) 


t Prom the dataofMeleney and Johnson (l949o)and Eagle Musselman, and Fleisch 
man (1948) 


Acquired resistance 

Four strains of Staph aurevs were studied by Stone (1949) He found 
that resistance of the staphjlococa to bacitracin could be induced, but 
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that it tva8 slow and irregular in appeani^ Moreover the resistance could 
be lost by daily subculture in baatracm free broth tJnhke Paine (1951), 
Stone did not find any increase in the resistance of the organisms to 
penicillin as their resistance to bacitracin rose, or tnce lersa No staphy- 
lococci containing an enzyme which destroyed bacitracin were found 
(Meleney, Altemeier, Longacre, Pulaski, and Zintel, 1948) Gezon, Pasan, 
and Colhns (1950) could not find any evidence that ^ haemolytic streptococci 
developed any resistance to penicillin dunng a course of treatment with 
bacitracin 


Toxicity 

Meleney and Johnson (1955) described 3 periods during which the toxicity 
of commercial bacitracin differed Dunng the earhest phase patients were 
treated with bacitracin obtained from the surface groivth of cultures and 
toxic effects were shght (Longacre and Waters 1951 b , Reisner, Bailey, and 
Appelbaum, 1951) When the antibiotic was produced by the deep tank 
method there were disturbmg evidences of nephrotoxicity (Zintel, Ma, 
Nichols, and Elhs, 1949 Michie, Zmtel, Ravdm, and Ragni, 1949) Lethargy 
was also observed in the patients treated by Pulaski and Connell (1940 a) 
When the specifications of the Food and Drug Administration had to he met, 
namely that preparations had to have an LDgg of no less than 500 Umte for 
a 20 g mouse, the toxicity of the material was kept withm measurable 
limits The minimum requirements were still further raised at a later date , 
each batch for systemic use had to contain 35 to 60 Umts per mg and it 
was stipulated that a dose of 100 Umts of such a preparation administered 
intravenously to a senes of 20 g mice was not to produce death m an} of the 
ammals 

It 13 somewhat diMcult to disentangle the toxic effects due to inadequate 
punfication from those which persist after the purification of the matenal 
It was, however, considered by Newton tt al (1951) that the nephrotoxicity 
of commercial preparations was due at least in part to the active antibacterial 
constituents of bacitracin and that therefore there was httle prospect of 
isolatmg a constituent which was both potent antibactenally and also non 
toxic 

With these expenmental conclusions in mmd, it seems well to mention 
the evidence about the toxicity of the drug which has accumulated since 
bacitracin was first isolated Scudi and his collaborators earned out a 
number of experiments in which the qualities of earher samples were tested 
Scudi and Antopol (1947) tested 4 samples in mice and rats Tubular necrosis 
m the kidneys of mice was found after large doses, but the changes m rats 
were not so severe The LDjg seemed to be independent of the presence or 
absence of the antibacterial factor The method of administration affected 
the toxicity intravenous injection produced more lethal effects than intra- 
peritoneal subcutaneous, or oral administration Mice could live for 6 days 
after subcutaneous injections of up to 50 Umts and rats could survive a 
similar dose for a fortmght Such toxic effects were not seen m dogs (Scudi 
Chft, and Krueger 1947) In monkey, however, 1 500 Umts per kg given 
mtramuscularly twice a day over 45 days produced both sugar and albumin 
in the urme during the course of treatment (Scudi, Coret, and Antopol, 1947) 
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These T\orkers concluded that ia^e doses, for ctample the LDj^, produced 
damage to the renal tubules and tubular necrosis in the mouse, and to a 
much smaller extent in the monkey The rat and dog, however, were rela- 
tively immune These authors also found that the commercial samples 
used m their experiments varied in toxicitj but not in accordance -with 
their antibacterial activity Smith, Schultz, Ott, and Payne (1949) confirmed 
the effect described by Scudi and Antopol (1947) m the tubular epithehum 
of mice and they did not find any greater damage from lots produced by 
deep cultures than from lots from surface cultures In experiments on the 
toxicity of bacitracin bj oral administration, Payne, Spencer, and Schultz 
(1951) found that thej could gi\e as much as 125,000 Units per kg to mice 
daily for 30 daj’B and up to 25,000 Umts per kg to dogs for the same tune 
ivithout any cumulative evidence of toxicity This might be explained by 
the poor absorption of the antibiotic from the gastro mtestinal canal 

When the antibiotic w as applied to man the first 100 cases w ere treated by 
local applications {Meleney and Johnson, 1947) and no signs of toxicity 
appear^ IVhen, liowever, the antibiotic was given by intramuscular 
injection in doses of 10,000 to 100,000 Units 4- to 6 hourly there was evidence 
of kidney damage (Meleney and Johnson, 1949&) and the toxicity was 
observed to vary with different Jots Intravenous admimstration over 1 hour 
of 23,600 Units of some commercial batches produced no significant changes 
m glomerular filtration rate, mauraal tubular excretion of para amino- 
hippurate, or maximal tubular reabsorption of phosphate (Slichiec? of , 1949). 
In spite of this, however, there was a gradual decrease during the experiment 
m the average values of maximal tubular excretion of para ammohippurate, 
which suggested some tubular damage IITien bacitracin was continued in 
doses of 49,000 to 50,000 Units 0 hourly by intramuscular injection, moderate 
to severe renal damage followed Administration of the drug for 2 dajs 
and agam for 1 day showed 0 days later that there had been marked impair 
ment in the tubular excretion of para arainohippurate but no sigmficant 
dunmution in the remaimiig renal functions Zmtel ef of (1949) also observed 
local pain and petechiae round the site of injection, skin rashes, nausea and 
vomiting, albuminuria, ringing in the ears, and a peculiar taste m the mouth, 
in a fair proportion of patients treated 'nth 50,000 Units C hourly by intra- 
muscular injection With the lower doses of 10,000 to 20,000 Umts 6 hourly 
Pulaski and Connell (1949 a) stiU found that injection inflicted pam, and 
anorexia and nausea developed after a total dose of 150,000 Umts had been 
gi\en Urinary frequency and lumbar pain lastmg for 3 weeks to 3 months 
followed total doses of 275,000 Umta Pulaski and Connell also found that 
phenolsulphonphthalein clearance was delayed and that non protem nitrogen 
levels m the blood rose Protemnna and sporadic glycosuna lasted for up to 
II days after treatment ceased With stiU lower doses of 200 to 400 Umts 
per kg 6- to 12 hourly for 7 daj'S, or even with 1,500 Umts per kg once 
daily for 2 days, Sliller, McDonald, and Shock (1950) found that protemuna 
developed m all of 148 patients with syphilis, irrespective of the batch of 
antibiotic used or of the size of the dose within these limits Miller et al 
(1950) tested the effect of the antibiotic on 12 males without any signs of 
cardiovascular, renal, or infectious disease Inulm and sodium para- 
ammohippurate clearance were both reduced, so that it was inferred that 
both glomerular filtration and tabular excretion were depressed There was 
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a slow return to normal function over 6 to 9 weeks Persistent glycosuria 
also appeared during the depression of renal function, but the blood urea 
nitrogen did not nse significantly nor was there any change m the nrfenal 
blood pressure Eventually Meleney and Johnson (1055) advised that even 
•mth the lots uhich bad conformed to the Pood and Drug Administration's 
specifications doses should not exceed 100,000 Umts a day or 10,000 to 
25,000 Ilmts ever^ 6 to 8 hours 


Animal protection tests 

Staphylococcal tnfection I^Icningitis produced by inoculating staphy- 
lococci into the cistema magna of dogs was found to be controlled ulien 
bacitracin was mstilled into the space uithin 2 to 3 hours of the inoculation 
(Teng and Meleney, 1049) 

Syphlia in rabbits Eagle and fleischman (1948 a and b) tested the action, 
tn titro, of bacitracin against the Reiter strain of Trep pallidum and also 
its efficacy in eliminating from eipenmental lesions a strain known to be 
pathogenic It uas found that 30 Units of bacitracin per kg given bj 
intramuscular injection to the rabbits eliminated treponemes from chancres 
Bacitracin 'was found to be faactencidal to treponemata (Eagle et at , 1948) 
but much larger doses, however, were required to produce this effect and to 
produce permanent healmg of the chancre The dosage required for per- 
manent healing was 1,150 Units per kg repeated once dailj for 4 days or a 
smgle dose of 6,000 Umts per kg 

Clostndtal infections Sandusky and Keebie (1949) studied the effect of 
bacitracin on wounds m guinea pigs infected CTpenracntally with Cl Kclchi 
They found that, whereas 112 out of 114 control ammab died from the 
infection, 50 out of 51 animals given 3 Umts of bacitracm per G weight 
immediately after inoculation survived the test period of 15 days It iras 
also found that the effectiveness of the antibiotic diminished if there -was 
more than 2 hours’ delay before the bacitracm was administered After a 
delay of C hours no prophylactic effect was obtained 

Pintcorm infection An attempt "was made by Wells (1952 5) to see if 
bacitracm would have any effect on pmwonn infestation of mice Helminth 
free animals were moculated with 300 embryonafed eggs of Asptcvlans 
tetraptera each and were given 20 000 Units of bacitracm per kg , or other 
antibiotics, from 2 days before the infestation to 7 days after Little effect 
was produced on the number of worms found in the mouse’s gut unle<« 
treatment was contmued for 14 days after moculation 


Administration 
OraZ administration 

In experimental work on the dog it was early found that httle of the drug 
was found m the blood following administration by mouth Scudi et al 
(1947 a) could find no activity in the blood and no activity m the faeces after 
3,000 to 6,000 Units per kg had been administered to the animals by mouth 
This fact may readily explam the lack of toxicity of thedrugwhenadministered 
by this route On the other hand, when the drug was admmisteretl by stomach 
tube, Bond, Vanderbrook, WiJey, and Nook (1948) found detectable blood 
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le\ els in the scrum and high le\ cla in the urine, the nurahers of streptococci 
and spore forming anaerobes m the faeces bemg greatly reduced In man, 
LongacreandWaters(1951o)ccmfinnedtbefindmgsofScu(be/o/ (1947) The 
contradictory results found b}’ these different norkera may have depended 
on whether tho end of the tube nsed by Bond tt al (1948) rested in the 
stomach or m the duodenum If this is so, then the inference must be that 
bacitracin is dcstroj ed m tiio stomach rather than that it is not absorbed by 
the mtestine 

Parenteral admintstrahon 

Absorption mto the blood and tissues from subcutaneous, mtramuscular, 
and intraacnous administration uas demonstrated m experimental ammals 
by Scudi et al (1947 a), Tcng, Levin, and Meleney (1949), and Howe, Wiggles 
worth, and Kahn (1953) Only tho brain seemed impermeable to the drug 
After repeated intramuscular injections of 60,000 Umts every 6 hours for 
several days, Zintel ei al (1949) found concentrations m the blood of only 
1 to 3 Umts per ml and levels similar to those in the serum were found m the 
pleural fluid A more gradual increase occurred m ascitic fluid but levels here 
eventually exceeded those obtained sunuHaneousIy m the blood Little 
penetration into the pericardial or cerebrospinal fluid was observed Only 
with injections which would now be considered abnormally high did Teng 
and Jleleney (1930 a) detect the presence of bacitracin m the cerebrospinal 
fluid of patients ^nth menmgitis 

Tho results of intramuscular injection of the drug m both expenmental 
animals (rabbits) and man were studied by Eagle, Newman, Greif, Burk 
holder, and Goodman (1947) Three different batches of bacitracin were 
used but when allonanco was made for their different degrees of activity 
the general result remained the same Using a modifled Bammelkamp- 
Rantz-Kirby method of assay these authors found that levels of bacitracin 
could be detected m the serum from one quarter of an hour up to 8 hours 
after mtramuscular injection of single doses of J20 to 160 Units per kg of 
body weight These concentrations were generally many times those required 
to inhibit susceptible organisms (see Table 10, p 105) , even an injection of as 
httle as 15 Umts per kg would produce a high enough concentration m the 
serum to inhibit for 4 hours all but the least susceptible strains of strepto 
cocci The figures given by these authors for blood concentrations following 
a single injection were as follows 
Dose in No of 

sub UrttU per ml btoed al ftours after tnjection 

per Ig yecta 6 8 2i 

150* 2 6 19 25-43 33-43 1 7 2 0 <15-30 

120 1 6 0 19 23 7 5 1 5 < 

00 1 10 20 27 14 7 2 2 3 1 8 

60 1 4 5 12 20 29 14 <15 

45 2 1 8-4 5 3 3-7 2 6-12 3 6-12 1836 <15-2 3 

20 1 3 38 38 25 < 

15 1 18 30 38 33 25 

* Equivalent to 10 500 tTmts m a wan weiglnng 70 kg. 

From their figures Eagle et aJ (1947) irare able to demonstrate that the 
concentrations in the blood varied fairly consistently as the size of the dose 
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given Reisner et al (1951) recorded the results of injections given at 
6 hourly intervals to patients with pneumonia Although the doses given 
by these authors were much higher than those of Eagle tt al (1917) and 
were repeated, the concentrations found in the blood serum were loner than 
the latter’s figures Presumably all assays were made at the end of each 
6 hour period The blood levels following these injections were as follows 


6 } Ourly dote 
(tn UniM) 


No oj VmU ptr ml m 

ttUmattotiM blood serum 


90 000 2 

76 000 6 

CO 000-66 000 3 

47 000-60 000 7 

3S 000 2 

33 000 3 


13-2 0 
0 24-2 0 
0 09-0 75 
0 06-10 
0 35-2 3 
0 05-10 


From these figures there seems to be little relation between the dose given 
and the concentrations in the blood serum, unless the explanation is that 
bacitracin, m doses up to 60,000 Umts, disappears from the blood stream 
withm the G hour intervals at a rate commensurate with the size of the dose 
When measunng the urinary excretion Eagle et al (1947) found that the 
concentration of bacitracin in the unne remained at a fairl> constant level 
for 2 to 4 hours after an injection After this time the rate of excretion 
increased thus 7, 36, 66, and 87 per cent of the dose had been excreted at 
1, 2, 4 and C hours after it was injected From expenmcntal work on 
rabbits, supported by figures obtained in man, these authors concluded that 
the low renal clearance approximated the glomerular filtration rate 


Local administration 

Meleney and Johnson (1947) first demonstrated the clinical effect of baci* 
tracin given by local admimstration They first used crude filtrate, then a 
partially purified and concentrated product prepared for them by Dr Anker, 
and eventuallj a preparation made by a commercial firm With prepara 
tions containing so manj variables, apphcation of the drug was confined to 
solutions and water soluble bases With these Jleleney and Johnson demon 
strated the antibactenal effect of either surface apphcation of the drug or its 
local mjectionmto tissues surrounding infections such as abscesses, furuncles, 
and carbuncles AliUer, Slatkin, and Johnson (1948), using an ointment 
base containing iW Dm'ts di 'bacitracin per €r , conhrmed tbe good clinical 
effects reported by Meleney and Johnson (1947), but also mentioned that 
contact dermatitis had been seen in a very few cases 


Admtmslraiion by aerosol 

For this method of administCTing bacitracin Friga! and Furman (1949) 
used an aerosol made up of 12 000 to 134,000 Umts of bacitracm dissoh ed 
in 2 ml water and 20 ml prop} lene glj col The aerosol was administered 
by an apparatus consisting of a combined steam generator and aerosoUzer 
No detectable concentration of the drug was found m the serum after this 
mode of administration but up to 10 Umts per ml were found m the nrme 
some absorption therefore must have taken place Inhalations could be 
combmed with 100 000 Umts of pmumllm and 0 5 to 1 G of streptoraycm 
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calcium chloride tnth added effect These workers, however, were not able 
to show any correlation betwen the change in the bacterial flora of the 
sputum and the clinical effect of the drug 

Combined administration of bacitracin and other antibiotics 

Because the range of its antibacterial action tn tiiw is limited, trials have 
been made of bacitracin combined with other antibiotics The synergistic 
action of bacitracin and pemallm has also been demonstrated tn tnlro 
When combined with tjTOthncm, neomycin, polymyxin, or one of the 
tetracy chnes, howe\cr, it was hoped that bacitracin would act against 
certain species of bacteria, mainly Gram positive organisms, and the other 
antibiotic would deal with Gram negative organisms or, in the case of neo 
mycin, even with JJ/yco luberculosts Bacitracin combined with neomycin 
seems to have been used most successfully for lesions susceptible to local 
administration of the drugs, such as skin infections In the behef that 
tyrothricin had some action against Gram negative rods, Lubowe (1951) 
applied an ointment containing 500 Units of bacitracm and 800 /ig tyro 
thricm to various skin infections inth varyungsuccess Bacitracin and neo 
mycin have been appbed togeUier by Gade, Korner, and Sylrest (1953), 
Montgomery and Montgomery (1953), Pordrup (1953), Kattner and Rodm 
(1052), and Szabo (1953) 

In the treatment of infected wounds cavities, and olher soft tissue 
lesions, bacitracin and neomycin have been found particularly useful by 
Holzhausen (1955) and by Khma (1955) The latter author found the 
combination beneficial for irrigating tuberculous flstulae and empyemata 
cavities, and as an aerosol for patients with bronchiectasis 

Slontsch (1055) prepared patients for operations on the intestine by 
administering tablets containing 250 Units of neomycin and 12,500 Units of 
bacitracin One or two such tablets were given by mouth 3 times a day for 
3 days, together with bowel washouts The outcome from a bacteriological 
pomt of view was, however, eqiuvocal 

Polymyxin has been combined with bacitracin for the treatment of 
pyoderma This ointment was used wnth outstanding success for pyoderma 
by Pass and Rattner (1954) and in vanous infected dermatoses by Kile, 
Rockwell, and Schviarz (1953) 


CLINICAL TRIALS 

As has been mentioned before, the first climcal trials were confined to 
cases which could be treated by load applications In these, direct applica 
tion or instillation into the tissues suirounduig the lesions had a beneficial 
effect on carbuncles, furuncles, abscesses and also on infected sebaceous 
cysts, operative wounds, ulcers, and impetigo (Meleney and Johnson 
1947) When systemic administration was attempted (Meleney el al , 1948) 
three quarters of 105 cases with synergistic gangrene, celluhtis, deep abscess, 
and septic wounds responded to treatment These were cases in vihich 
sulphonamides and pemciUin had produced no demonstrable effect, the 
infecting organisms being Staph aureus, haemolytic and non haemolytic 
streptococci, and micro aerophihe and anaerobic staphylococci The least 
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satisfactory results ^rere obtained in the treatment of thrombophlebitis 
and brain abscess The good reanlts m soft tissue infections were confirmed 
by Longacre and Waters (10516) Because of its efficacy when applied 
locally to lesions, the chmcal use of bacitracin has been largely in the field 
of surgery, for the drug can bo appUed at operation when the wound is 
open or when dressings are apphed to open lesions It is therefore only 
occasionally that bacitracin has been used to treat infections of a non 
surgical nature, even though there is ea^ierimental evidence that it could be 
of value as, for example, in syphilis 

By 1952 Meleney, Johnson, and Teng had collected a further ICO cases, 
105 of which ivere treated by bacitracin alone Amongst these were surgical 
infections such as chronic osteomyehtis and gas gangrene as well as other 
conditions similar to those already described Non surgical infections and 
neurosurgical infections were also mcluded Favourable results were obtained 
in 78 per cent of the surgical infections and in a high proportion of the 
other cases Meleney ei al (1952) made the interesting statement that not 
only did the majonty of streptococcal, staphylococcal, and clostndial 
infections respond well, but cases with a mixture of organisms or xvith Gram* 
negative rods also frequently responded These conclusions had already 
been reached m 1949 by Meleney, Longacre, AJfemeier, Beisner, Pulaski, 
and Zmtel 

Amoebiasis 

E hstolifitcc u&s found to be susceptible to bacitracin, as were such 
intestinal bacteria as clostridia and cocci (Faust, 1040) In consequence, 
chmcal trials of the antibiotic in intestinal amoebiasis were begun by Most 
Most first described the results m more than 50 patients who received 
relatively high doses by mouth (Most, 1949) He stated that the climcal 
response could be dramatic in severe cases, but although 60 to 80 per cent 
of patients had remained free of entamoeba for 6 months after therapy, m 
the more severe cases the disappearance of E histohjtica v as only temporary 
and hmited to the period of treatment The action of the antibiotic nas 
ascribed to the deterrent effect on the growth of amoebae owing to its 
control of Gram positive organisms and anaerobes in the stools This work 
was elaborated in 1950 (Most, Miller, Grossman, and Conan, 1950 a and 6) 
The patients in this senes showed E histolytica in 2 separate specimens of 
stools before treatment began The 51 patients were given 40,000 to 120,000 
Umts of bacitracm daily by mouth for 5 to 20 days In 48 of these patients 
the amoebae disappeared, but m 14 of these they reappeared withm a week 
to a year after treatment, usually withm 5 weeks Nmc patients were treated 
agam but of these 6 relapsed Three of these Mere treated a 3rd time and 
2 relapsed In spite of this eqmvocal evidence of the curative pmier of 
bacitracm m amoebiasis, ulceration was seen to have healed m 8 seiere 
cases Most e< al (1950 6) remarked on the simultaneous disappearance of 
enterococci and clostridia, and discussed the possible relation of these 
orgamsms to the pathogenesis of amoebic cohtis As httle, if any, bacitracin 
was absorbed after oral administration, no toxic effects were to be expected 
Nevertheless 1 patient suffered from abdommal distension and diarrhoea 
for 1 day, while another had several liquid stools for the whole 8 dajs of 
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treatment Somewhat later, Shookoff and Sterman (1952) drew attention 
to tlio few trials nhich had been made of bacitracin in conjunction with an 
amoebicidal agent In one such trial made by Graupner, Smith, and Priest 
(1950) a recurrence could not be prevented In Sbookojf and Sterraan’s 
senes of 22 cases treated mth 60,000 Units a day by mouth for 6 days 
failures occurred in 6 patients but these were successfully treated wuth 
larger doses of the drug 

Pinworm infestation 

In spite of the unpromising results of the experiments described by 
Wells (1952 6) with Asptcuhns tetraptera infections in mice, Chan and 
Brown (1953) attempted to nd patients of Enierobtus termicularia by a 
combmed treatment of bacitracin and succmylsulphathiazole The diagnosis 
was confirmed by finding ova m the stools of each case Both drugs were 
given by mouth for 5 dajs to 17 patients and for 7 days to II patients 
Twenty three of the 28 patients showed rectal swabs free of ova during 3 
weeks following treatment, but more of those patients treated for 7 days 
reco\ ered than those treated for only 5 days Loose stools appeared in a few 
cases during treatment, but these did not necessitate discontinuance of 
drug thcrapj Agauj it is to be questioned whether the effect of these drugs 
was on tho pinworm itself or an indirect effect due to their action on the 
bacteria m tho faeces 


Infections within the Chest 
Bacterial endocarditis 

There appears to have been only 1 case of bacterial endocarditis which 
was treated from the start with bacitracin This was a patient described by 
Applebaum, Bruno, and Hochstem (1952) This patient was treated initially 
m 1948 for pneumoma, but already had at this time a systolic murmur 
distmgmsbable at the apex of the heart A culture of <Sfr pntumonxae 
type II was grown from the blood Treatment was begun with doses calcu 
lated not to cause any serious damage to the kidneys, namely 33,000 Umts 
6 hourly by intramuscular injection Although the patient seemed to improve 
for the first 3 days of treatment his fever t<»e Doses were none the less 
steadily increased until 98,000 Umts were bemg given every 4 hours This 
produced a temporary improvement, but 3 days later systolic and diastolic 
murmurs were heard over the aortic area, and although pemciUin, together 
avith caronamide, were substituted for bacitracm and the blood culture at 
last became sterile, the patient died 9 days later from congestive heart failure 
At autopsy lesions w ere seen m the endocardium , the right and left coronary 
leaflets were almost completely destroyed by large ulcerative vegetations, 
and one of these had perforated la addition to these lesions, however, a 
toxic nephrosis was also present, due either to the acute infective process 
or to the high doses of bacitracin 

Other accounts have given promismg demonstrations of what bacitracin 
can do foUowmg or combined with penicillin treatment Friedberg and 
Bader (1951) successfully treated a staphylococcal infection, Volmi and 
Kadison (1951) an infection due to an enterococcus and 2 due to streptococci , 
Wallach andPoraerantz (1951) andLoewe, Cohen, and Eiber (1953) infections 

B 7S73 I 
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due to Sir ttndans , Zendel and Lubart (1952) a case from ^hom only 
diphtheroids could be isolated , and Schwarz and Lazarus (1950) an infection 
due to an anaerobic Gram jiositive coccus It is of mterest to note that 
although synergism between bacitracm and pemcillm against the responsible 
organism was demonstrated *n vitro by both Schwarz and Lazarus (1950) 
and by Wallach and Pomerantz (1051) none of these workers attempted to 
use bacitracm untd other antibiotic treatment had not produced a response 
Nevertheless, whether bacitracm was given with pemcillm, dihydrostrepto 
mycm or aureomyem, or after these other antibiotics, not more than 80,000 
Umts m divided doses were administered to any of these 8 cases daily, and 
often as little as 30 000 Umts combined with pemcillm was sufficient to nd 
the hlood stream of organisms, and to ensure the recovery of the patient 
One other case, reported by Genkms, Ubr, and Bryer (19^1), needs further 
examination This was a woman of 67 with some degree of congestive 
heart fadure , all the other cases previously mentioned were under 60 years 
of age The illness began 3 months previously, after the extraction of C teeth 
for pyorrhoea, and blood culture revealed a non haemolytic streptococcus 
on 1 occasion only Intramuscular pemcillm followed by 2 G of terramyem 
daily did not relieve the fever, and no demonstrable benefit was produced by 
4 8 miUion Umts of pemcillm and 1 to 2 G daily of Benemxd, together with 
Btreptomyem or dihydioatreptomycm After SO days of this latter treatment 
the patient was still m a state of congestive failure with fever, when bacitracm 
was administered m addition to the other drugs The dose was limited to 
60,000 Umts daily given m 6 injections The patient became afebnle in 3 
days and remained so for the 6 days dnnng which bacitracm was given 
Withm 3 days, however, ohguna had developed, the blood urea nitrogen 
rose from 44 to 76 mg per cent and the amount of albumin in the urine 
mcreased Death occurred 10 days after the beginning of bacitracm treat* 
ment Post mortem, the vegetations found on the aortic cusps were sterile 
and appeared to be healing but microscopic examination of the kidneys 
show ^ swellmg, eosmophiba, and hyalme droplet formation of the epithchum 
of the proximal convoluted tubules, and m some tubules there was necrosis, 
desquamation, and cast formation Genkins et al (1054) concluded that the 
toxic action of bacitracm on the kidneys of this patient, who already had 
congestive heart fadure, was responsible for her death 

IVom these few reports it appears that bacitracm, used m conjunction 
with pemedhn, seems to be a remarkably effective agent against a susceptible 
infection, but high doses are inadvisable even m a patient with relativel;^ 
normal kidneys, and the drug may well be contramdicated in patients 
suffering fcom congestive heart fadure In the latter cases, the antibiotic 
should only be used with extreme caution 

Pneumoma 

Although a few cases have been quoted aa having been treated successfully 
m mixed senes of climcal tnals, only 1 study appears to have been devoted 
to the use of bacitracm m this relatively common infection This was earned 
out by Reisner ct cl (1951) These authors chose 14 cases with acute lobar 
pneumoma for study Pneumococci were isolated in 10 of them patients and 
haemolytic streptococci m 3, while in 1 case no organisms could be cultivated 
Bacitracm was administered m s relatively high dosage to begin with 
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(up to 99,000 Units intramuscularly every 6 hours), but as soon as some 
response -was noted m the patients the dose was lowered to between 30 000 
and 60,000 Umts 6 hourly Twelve of these patients recovered from their 
pneumonia, and the 1 case which failed to make a response was subsequently 
successfully treated with pemcilbn In the other case, which was due to 
pneumococcus tj’pe II, endocarditis developed after the pneumoma had 
resolved, and the patient died in spite of pemcillm bemg administered 
The cause of death was considered to be heart failure This case history is 
similar to one described in greater detail in the section on endocarditis 
Two patients, although they eventually recovered, developed pleural effusions 
In one of these the effusion, although stenie, was loculated and difficult of 
access, the drug was therefore given as an aerosol in doses of 10,000 Units 
3 times daily With this aerosol therapy the temperature fell promptly to 
below 100° F and cough and sputum steadily decreased In these patients 
there were, however, some toxic manifestations Eleven had considerable 
albummuria which however, ceased within 4 days of discontinuing treat 
ment, except in the patient with endocarditis who continued to excrete 
albumin until death The excretion of phenolsulphonphthalem was impaired 
in all these eases but returned to about normal during the 2 weeks following 
treatment Besides these more senous side effects an urticarial skin reaction 
developed m the patient who received aerosol treatment, and some patients 
suffered from painful and swollen buttocks after several injections In 
1 patient a low fever appeared an hour after each injection There are still 
no results m senes treated with a lower dose where toxic effects on the kidneys 
are not so likely to play a part in hindering con\a]e3cence 

Pericarditis 

The case of a child of 7 was described by Freeman and Parker (1953) 
Pericarditis developed without apparent cause and when an organism was 
finally isolated from the pericardial fluid it was found to be a Staph albvs, 
coagulase negative 'When aqueous procaine pemcillm and chlortetracychne 
had been administered without alleviation of the symptoms, the orgamsm 
was tested for sensitivity xn iifro to various antibiotics It was found to be 
resistant to all except bacitracin This antibiotic was then administered in 
doses of 400 mg per kg or 6 000 Umts 6 hourly by intramuscular injection , 
later 10 000 Units 6 hourly were given for 3 weeks Although the fever did 
not subside immediately, the child improved gradually and paracentesis 
was not required The temperature became normal 6 days after the higher 
dose of bacitracm had been given, the faction rub dimmished, and the heart 
sounds became stronger and more regular A month after treatment the 
radiograph showed a normal heart shadow without any residual signs of the 
atelectasis which had developed as a r^ult of the enlargement of the heart 
and pericardial sac The electrocardiograph was withm normal limi ts 
Nine months after discharge the child stiM had a systolic murmur over the 
mitral area but be was well and active 

Infections of the Central Nervous System 

After injections of 10 000 Umts of bacitracin were made into the cistema 
magna of dogs without produemg any obviously damaging effects Teng 
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and Meleney (1949) turned their attention to the treatment of staphylo 
coccal menmgitis mth bacitracin These investigators had already demon 
strated the abihty of the antibiotic administered bj the cisternal route to 
protect dogs from lethal staphylococcal infections (Teng and Jlelcne^ , 1950 a), 
and they were able to demonstrate the therapeutic effect of the drug in 5 
cases of staphylococcal meningitis in man These had all been treated 
unsuccessfully with other agents when bacitracin was emploj ed All recovered 
completely and confirmed the behef of these workers that bacitracin nas 
much less toxic than other antibiotics nhen given by the intrathecal, mtra 
cranial, or intraventricular routes (Teng and Meleney, 1950 fc) By 1953 
some 70 patients with infections involving the central nervous sj’stcra had 
been treated by Teng, Cohen, and Meleney (1951) and Teng and Melenoy 
(1953) Nme of these were suffering from osteomyelitis of the skull vitli 
epidural abscess due to pemciUm resistant staphylococci “UTien the infected 
tissues had been removed as far as possible by surgical means bacitracin 
■was apphed locally and also injected intramuscularly All of these patients 
recovered 

Seventeen cases of meningitis due to various organisms were treated with 
the antibiotic m a similar vay, sometimes anth the addition of parenteral 
pemciUin Thirteen of these cases survived, but 4 died from such cau«e3 os 
pineal tumour or mid cerebral arterial thrombosis 

Seven cases of brain abscess were treated and C of these survived 

Twelve laminectomy or craniotomy wounds infected mth pemcjihn 
resistant staphylococci responded to treatment and healed completely after 
bacitracm was used 

Some of these patients were treated by local apphcations alone, and none 
of them showed urinary changes Intrathecal or even intracerebral injections 
did not produce untoward effects ■when used prophylactically, for example 
m compound fractures of the skull or m contaminated craniotomy wounds 
When the local apphcations were supplemented by intramuscular injections 
of 10 000 to 20,000 Umts 0 to 8 hourly, transient albuminuria and cjim 
druna appeared m some of the cases 


Synergistic Gangrene 

This entity was mentioned by Meleney m all of bis clinical trials, and was 
described m detail by Melen^, Shambaugb, and Millen (1950) Five cases 
m various stages of the disease were described from early gangrene to loss 
of the whole skm of the lower abdomen, flanks, and upper thighs The 
responsible organisms m 3 patients appeared to be staphylococci and non 
haemolytic micro aerophihc streptococci In none of these patients w ere 
any of the tissues excised once bacitracm therapy was begun The anti 
biotic was admmistered m doses of 10,000 to 24,500 Units G hourly by 
mtramuscular mjection and apphed locally in concentrations of 500 to 
1,000 Umts per ml for penods varying frtim 11 to 30 days As treatment 
proceeded the epithebum was seen to be growing out from residual islands 
on the denuded surface In 1 case the extent of the gangrene was too great 
to obtam an epithehal covering by this method and skin grafts were apphed 
(Fig 5, a, b, and c) 
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a Sytior),istic gangrene in n patient 2| months from fiut apppirunce An nttemj t 
Co stop the pro^reiY of the t> fection hai I <K.n maOi. I>y cutting a troiiih rumitl it 
and packing it uith gauze aoakel in penicillin 
b >0 ir months from onset Extension of Usioii down l>oth thighs Before Irtaln tnt 
with bacitracin Slnph n irriM resi-^tant to penicill n and sensitive to Ink it r iciii 
a proteus and Pt pjorynnea «ere isolated 
c Appearance 7 Keeks from starting liacitratin complete 1 eabng 1 us takiii ploro 
(I'lum'Ua m.y &bambtiit> and ALII n -Inn Sony ISoO 131. I.!9) 
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Wound Infections 

Pulaski and Connell (1949) have had the mtwt extensive experience in the 
treatment of w ound infection To 26 patients of military age, 23 with acute 
Mound infections and 3 with chrome infections, these authors admimstered 
bacitracin by intramuscular injection eiery 6 hours in doses of 10,000 to 
20,000 Umts, together ivith a 2 per cent solution of procaine in saline The 
infection subsided in 18 of these cases but in the remainder the effect of 
bacitracin was doubtful or unsatisfactory These workers attributed the 
poor response in these latter cases to orgamsms Mhich were resistant to 
bacifricm or else to the presence of avascular tissue around the lesions, 
Mhich prevented access of the drug to the infected part The toxic effects 
of the drug at that time, hoMcver, Mere enough to preclude its further use 


Gastro-lntestinal Infections 

Djsenterj 

Sihcrmm (1951) treated 14 cases of dysentery due to shigelJae The 
Duval Sonne strain, the Flcxncr strain, or the Shiga stram was isolated 
from the faeces Forty thousand Umts of bacitracin were admmistered 3 
tunes daily bj mouth for 8 to 30 days No toxic symptoms Mere noted and 
dj sentery organism® could not be found m the stools at the end of treatment 
There Mere no relapses during the folJoinng 3 months to 3 years As dysen 
tery bacilU are not susceptible to bacitracin m utro it is possible that the 
drug exerted some indirect effect on these organisms through its action on 
other faecal flora 

Although the causative organism Mas not knoivn, Kadison and Borovsky 
(lOSI) treated 63 cases of diarrhoea m infants of less than 1 year with a 
combination of bacitracin and neomycin The drugs were given bj mouth 
in doses of 10,000 Units of neomycin and 2,000 Umts of bacitracm crushed 
m apple jelij , every G hours for 4 to 14 days As usual, no absorption into 
the blood stream was detected and no renal damage or side effects were 
observed Damage cleared up in an average of 3^ days compared with 6| 
daj’S in 32 patients treated Mith slreptomycui and procaine penicillin It is 
again difficult to attribute the cure of the diarrhoea to the elimination of 
any portif-iilar susceptible organism In any case., as both Ps aerupinosa 
and Proteus morganx persisted in the stools after treatment, it was assumed 
that neither of these ivas responsible for the diarrhoea 

Pre-operative prophylaxis 

The problem of rendering the gut sterile before carrymg out an operation 
on It has exercised the minds of manj investigators For this purpose a 
combination of neomycin and bacitracin M'as employed by Montsch (1955) 
Acting on the assumption that it was stenosw of the colon which prevented 
sterilization, Montsch prepared 11 patients for operation by giving an enema 
and an antiseptic bowel washout as well as drug therapy One or 2 tablets 
each contaimng 0 25 G of neomycm and 12 500 Units of bacitracin Mere 
given 3 times a day for 3 days It is of mterest to note that in the stools of 
patients receiving the smaller dose no bactena were found or only B subUlts 
or B coh and stapliylococci, while those of patients receiving the larger dose 
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contained no cocci, enterococci, E colt, or clostridia Jlontsch (1955), 
however, pointed out that any obstruction to the passage of faeces through 
the gastro intestinal canal interfered with sterihzation of the bowel contents 
As an example he quoted 2 patients in another series who had stenosis in 
some part of their colon Trom the faeces of these patients both E coh and 
enterococci were isolated despite treatment 


Urinary Tract Infections 

Because of its nephrotoxic effect bacitracin could not be considered as a 
suitable drug for urinary infections when given parenterally Wechsler and 
Fnshwasser (1953), however, treated a senes of 16 cases with severe cjstitisof 
the bladder by local instiUationa of saline contammg 500 Umta of bacitracin 
per ml Although the majority of the organisms isolated from the urme in 
these cases was Gram negative, it is possible that the proteus bacilh may 
have overgroMTi the coexiatmg staphylococci or streptococci durmg culture 
Whether or not this was the case, the unne became clear m all cases withm 
3 days, and cultures became atenle at the same time Rapid healmg of 
suprapubic v oonds also followed local apphcation of bacitracm 


Infections of the Eyes 

Experimental work ivith mstiUations of bacitracin into the eyes of rabbits 
showed that the antibiotic produced httle irritation (Bellows and Farmer, 
1948 a) Even the dry powder when appLed to the cornea of the animals 
for 30 mmutes and then washed out caused no gross irritation The drug 
was found to penetrate the cornea when it was abraded or mfiamed but no 
penetration occurred through a normal membrane Injection of 0 1 ml of 
salme containing 100 Umts of bacitracm mto the vitreous produced moderate 
degrees of opacity which however, cleared ai^ay m 6 out of 8 eyes donng 
the followmg month Bellows and Fanner (1948 6) did not have the opporfcu 
mty of testmg all these findings by clinical tnal, but they were able to test 
the effect of bacitracm on infections on the surface of the eye These mvesti 
gators established first that frequently repeated instillations of a solution 
contaimng 1 000 Umts of bacitracm per ml in salme protected rabbits’ eyes 
from infections ivith a susceptible stram of Staph aureus Forty tlwee 
patients with external ocular infections were then treated Bellows and 
Farmer (1948 b) found that acute conjunctivitis responded to treatment in 
JI out of 16 cases, acute kerato conjunctivitis m 2 out of 3 cases, acute 
exacerbations of chrome conjunctivitis m all of S cases and chrome conjuncti 
vitis m only 6 out of 18 cases Curiously enough, a corneal ulcer in 1 patient 
m which Ps pyocyanea was fonnd recovered rapidly after instillations of 
bacitracm These workers stated that recoverj v as rapid m acute conditions 
m which the infectmg organism was found to be susceptible to bacitracm 
but response vas less satisfactory when the organism was only shghtly 
susceptible A more enthusiastic report on the effect of local applications 
of bacitracm to the eye was made by Eggeis (1951) This author employed 
the solution or the omtment m more than 4(K) patients and asserted that all 
patients with conjunctivitis blepharitis dacryocystitis and comeal ulcera 
tion benefited from the treatment and that the inig gave effective prophy 
laxis m cases mvolving the removal of foreign bodies from the cornea and m 
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most operative procedures In 1 case only tvas there any sign of irritation 
or Bensiti 2 ation to the drug 

Ear, Nose, and Throat Infections 

Topical application of bacitracin naa tned by Coyle, Collins, and Kunges 
ter (1949) ill 43 patients Mith ear, nose, and throat infections Patients Avith 
mild pharyngeal infections appeared to benefit from this type of treatment, 
but poor results were obtained in external otitis or chrome suppuratmg 
mastoid cavities Host of the latter were mixed infections so that correlation 
between bacteriological findmgs and ciimcal effect was difficult 

A combmation of bacitracin with polymyxm was instilled into the nose 
in a senes of patients auffenng from the common cold by Clark (1954) 
Although it 13 possible to find some reason for the relief of symptoms said 
to have been expcnenccd by patients who bad suffered from the colds for 
several weeks, it is more difficult to understand why patients with acute 
mfections were also said to have been rebeved 

Infections of the Skin 

Some of the earbest workers to investigate the usefulness of bacitracm m 
skin lesions were lltliUer el al (1948) These authors used an ointment base 
contammg 600 or 1,000 Units per G in 165 patients Sixty eight of these 
suffered from primary bacteria) infections of the skm, and the others from 
infected dermatoses Fifty of the former group responded favourably but 
failures were recorded m 18, H of whom had folhculitis of the beard In 
these, however, the condition at least did not spread while treatment was 
contmued Pailures also occurred m patients wth eczcmatoid dermatitis, 
vcsiculo pustular eruptions on the hands, and foUicuhtis m areas other than 
the beard Higher concentrations of the drug appeared to be no more effective 
than lower concentrations As is usual with antibiotics m infected dermatoses, 
the infection often cleared up but, there was no effect on the dermatosis In 
the cases with folUcubtis it is possible that failure of the local application to 
penetrate into the depths of each hair folbcle was responsible for the lack of 
response Derzavis, Rice, and Leland (1949) also tried local appbcation of 
bacitracin in an ointment base Except m cases of impetigo, ecthyma, and 
infectious eczematoid dermatitis the results were not outstandingly good 
Only 1 patient among 138 showed any sign of sensitization to bacitracin 
Other workers who tested the effect of bacitracm on infections of the skin 
were Eichenlaub and Olivo (1949), Finnerty (1951), and Wrong Smith 
Hudson, and Hair (1951) The conclusions of these authors were similar 
Lesions which were accessible to the applications became free of infection 
m a materially shorter time than that obtamed with previous treatments, 
but although the mcidence of sensitization reactions was low, these still 
occurred If bacitracin were more widely used it is questionable whether 
the mcidence of sensitization might not increase 

Treatment with bacitracin combined with another antibiotic 

Some mention of this has already been made When it was realized that 
Gram negative bacteria could be isolated from a certam proportion of sUn 
lesions (for example, Kile el al 1953, and Farrar, 1954), tJie use of bacitracm 
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combined ivith some agent active against these organisms ivas considered 
Battner and Rodin (1952) compared the effect produced by a preparation of 
pemcUlin (l ephenamine benzylpemciUm) m an omtment base, the 
effect of bacitracm combmed mth neomycin and another antibiotic, fradicm 
Although these authors found that peniciUm alone was most effective against 
pnmary infections secondary infections responded best to a combination of 
bacitracin and neomycm This same combination in a preparation containing 
no more than 5 mg of neomycin and 25(1 Umta of bacitracin pet G of base 
(10 per cent lanolin in soft paraffin) was used bj Gade ef of (1953) Although 
much the most common orgamsm isolated from the different lesions in this 
series was the staphylococcus, it uas found in each instance to be sensitive 
to this combination of antibiotics In 20 out of 74 patients treated with this 
preparation the response ^as not considered successful, but m 9 of these 20 
a transitory response was none the less obtam^ Montgomery and Montgom 
ery (1953) did not consider that the average time taken to cure 50 cases of 
pyoderma treated ivith this mixture was less than that obtained with other 
antibiotics, but it was an improvement on the time taken by the older 
remedies These authors also suggested that the occasional lesion infected 
with a strain resistant to other antibiotics might respond to this combination 
Pol 3 Tnyxm has also been combmed with bacitracm m the local treatment 
of infections of the skm The results obtamed by Kile ei al (1953) and by 
Pass and Battner (1954) arc described m the section on polym 3 Tun The 
report of Kile tt al (1953) has the inestimable advantage of relatmg the 
clmical effect to the orgamsm mvolved Thus their figures showed bow veil 
the staphylococcus could in fact be controlled by this combmation 

No of oata uhuh improted auordxng to 
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Folliculitis 

6 
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6 

2 3* 

1 1 



* Total of mfections treated 
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the only organisms vbich could not be controlled in every instance by 
bacitracm and polymyxm With this m mmd, it should be preferable to 
change over to a combmation of bacitracm and neomycm when lesions do 
not show an early response to treatment with bacitracm and polymyxm 

Ulcers 

CHiromc ulcers involvmg the whde thickness of the skm are a common 
problem If it were possible to cure them by ambulatory treatment it would 
save a great deal of bed space m hospitals Spier and Cliffton (1954) ivero 
particularly satisfied with the results of 3 out of G patients with chrome 
ulcers treated by debridement by means of plasitunogen, local applications 
of bacitracm and hyaluromdase The necrotic bases of these ulcers vere 
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cleared, and their surface thus nd of the pathogens most detrimental to 
healing 'With the help of general measures calculated to reduce stasis, these 
ulcers had remained healed for 4 to 14 ireeks at the time of reporting 

Tropical ulcers 

This 13710 of ulcer is most commonly infected with ^^incenfc’s organisms 
and these should respond to treatment with hacitrocin In a large series of 
African patients treated by O Bncn (li>51) in Tanganyika, parenteral pern 
cilhn was administered togetlier with local applications of various drugs 
Bicitracin was ono of the local applications used In all these phagedenic 
ulcers, spread was arrested by means of antibiotic therapy and a diet contain 
ing adequate calories and ^ntamins, but O’Bnen could not detect any marked 
difference in the healing rate bet\ceen patients treated with penicillin and 
those treated with local applications of bacitracin Nevertheless for patients 
who develop sensitization to penicillin, bacitracin may be a particularly 
valuable alternative 


Conclusion 

From these few data it can bo concluded that bacitracin is an excellent 
antibacterial agent for local admuustration, its effect in mixed infections 
being improved by the addition of neomycm or polym3Xrn Given by mouth 
the drug has been of some us© in amoebic colitis and d3’senter3 due to 
various organisms, and it produces verj few ill effects when administered in 
this way There are risks attached to the use of bacitracin for parenteral 
administration, even in its present form Nevertheless, as an adjuvant 
to penicillin in serious staphylococcal or streptococcal infections, for example 
in bacterial endocarditis, it can be of great value in controlling an othenvise 
resistant infection In such cases 100,000 Umts daily is the maximum amount 
to be administered 


POLYMYXIN 

GENERAL CONSIDERATIONS 

Three separate groups of wwkers isolated these antibiotics at about the 
same time Ainsworth, Broavn, and Brownlee (1947), Benedict and Langlykke 
(1947), and Stansly, Shepherd, and White (1947) The antibiotics were 
obtained from a soil bacillus called B aerospoms by Ainsworth et al (1947) 
and from B polymyxa by Stansly tt al (1947) Comparison of the work m 
the laboratones of these different worketa led to the conclusion that although 
the antibiotics isolated were derived from the same species of bacillus, 
chemically different pol3myxius were produced according to the stram used 
Thus 5 pol3’Tn3rxins have been deswibed, called, for purposes of differentia- 
tion A,B, C, D, andE All have similar antibactenal activity but differ m 
their toxic effects in experimental animals and man All 6 have their most 
potent effect against Gram negative baciUi, but because of their toxic effects 
A, C, and D are not now used in man (Brownlee Bushby, and Short, 1949) 
These antibiotics are basic polypeptides whose salts remain stable at a low 
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pH and wthstand heating to 100* C for 1 hour (Jones, T S G , 1949, 
Pulaski, Baker, Rosenberg, and Connell, 1949 , Regna, Solomons, Forscher, 
and Timreck, 1949 , and Stansly and Brownlee, 1949) They are also soluble 
m water and methanol (Bell, Bone, Bnghsb, Fellows, Howard, Rogers, 
Shepherd, and Wmterbottom, 1949) In serum, pol^miyxin B and E lose 
50 per cent of their activity at once It is possibly because of this effect that 
withm 5 mmutes of intravenous injection the blood levels of these polymjTuns 
are only 10 per cent of those expected, assuming no loss into the tissue 
spaces or the body cells (Brownlee, Bushby, and Short, 1952) 

The antibacterial activities of the several polymyxins have been tested by 
different workers The drugs are rapidly bactericidal inttfro (Bliss, Chandler, 
and Scboenbach, 1949 Jawetz, 1952, Brownlee, Bushby, and Short, 1952, 
and Brownlee and Bushby, 1948) Tlie figures given in Table 11 are based 
on those given by Brownlee and Bushby (1948), but must be considered 
approximations only as different polymyxins w ere used by different workers 
It 13 curious to note that although so many Gram negative rods are sensitive 
to the action of the polymyxins, proteus has rarely been found to be sensitn e 
The most highly susceptible organisms are the baemophilus and the salmo 
nella groups, although it remains to be seen whether this fincimg in utro is 
borne out m practice Weight for weight the effect of the polymyxins tn intro 
was almost mvanably greater than that of streptomycm against susceptible 
organisms Another highly valuable property of these drugs is the fact that 
resistance develops only with difficulty when susceptible bacteria are exposed 
to mcreasmg subinhibitory concentrations of the polymyxins (Pulaski ei al , 
1949 , and Shenvood el al , 1953) 

Animal protection experiments 

These were earned out mainly with mice The results seemed to indicate 
that the polymj’xms were valuable chemotherapeutic agents According to 
Brownlee and Bushby (1948) a majonty of mice were protected from expen 
mental infections with Salm iyphi, B colt, H pertussis, H injluenzae, and Br 
brmehiseptica by injections of 100 /ig of polymyxin once or t^vIce daily for 
1 to 5 days Agam Schoenbach, Bryer, Bliss and Long (1948) observed that 
mice infected with lefts pneumontaeand U inj^weTtzae type B were protected 
by 1 mg per kg injected subcutaneously A curative effect was obtained in 
infections with Netsserta tntracellularts, even though no action could be 
demonstrated against this organism in iitro Expenments were carried out 
by Larson, Carle, and \^erder (1949) with Br ««is infection and tularemia m 
mice When guinea pigs were infected intrapentoneally with Br suts and 
treated 19 to 20 days later with subcutaneous injections of polymj’xm in 
doses of G 4 mg per kg of body w eight either once or twice a day for 9 or 10 
days, no difference was noted between the spleens of controls and those of 
treated animals killed 1 day after discontmuance of treatment In a second 
senes of experiments with Br suts infection, the ammals were treated wnth 
polymyxm alone in doses of 1 5 mg 4 hourly for 10 days, or m eombmation 
^nth streptomycm or streptomycm and sulphadiazme However, there was 
no indication that the polymyxm had controlled the brucella infection 

Experimental tularaemia Larson el al (1949) attempted to show that 
polymyxm had some curative effect on tularaemia In these expenments 
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mice were treated \nth tlie antibiotic xntbm 24 hours of intrapentoneal 
inoculation with Past tularensts All treated and control animals were dead 
within 120 hours of inoculation 


Table 11 Antibactebial Activitv op Polymyxin ob Aebosporin 
ON Strains op Organisms Pathogenic to BIan 

Or^ranum 
or^ni«ns 
Alcahgm^ fwcalia 
Bact coti find coli aerogenes group 
Bact fntdlanden or KltBaitUa jintumomae 
Br bronthitepiiea 
Brucella 
H \nflutm/K 
H ptTluasi3 

N catarThali» 

Faracolobacter 
‘Paracolon* 

Past ptstis and tnullMida 
Pa pifocy^inta or aeru^inoM 
£atm l>jph\ 

Salm paratyphx A and B 
Other salmonellao 
Shigellae 
V eftoleroe 

InatnaxUia oryanienM (i e only inhibited by 
10 to > 100 Hg per ml ) 

Cl uilchn 
Ccrynehuctfena 
Ery rhuaiopathiae 
Fungi 

Steningococcua 
A/yco tuberculosit 
N gonorrhoeae 

Fleuropneumonis like orgamsme 
Frvtfua vuJgarta and ma/yam 
Staph aureus 
Str pneumontue 
Sir pyogenes and other heeroolytic streptococci 
* 1 f*g *= 10 Units 

PVom the data of Bradford and Day (1949), Bliss, Chandler, and Schocnbach (1949) , 
Brownlee and Bushby (194S), Pulaski, Baker, Itoseiiberg, and Connell (1949), Levaditi, 
Vaisman, and Henry Eveno (1949 a), Florestano and Bahler (1952) , Kagan, Krevsky, 
Slilzer, and Locke (1951) McLean Schwab, HiUegas, and Schlingman (1949), Sher 
wood, Delage, and Hermann (1953), White, AJveisoij, Baker, and Jackson (1949) 

EarpenmenJaZ plague McLean et dl (1949) first observed that Past multo 
cida was susceptible to polymyxin tn vitro Gorzynski and Neter (1951) 
infected mice mtrapentoneally with Past muflocuta and gave 0 25 mg of 
polymyxin B subcutaneously withm 12 hours of infection All of the control 
azumals were dead by the 4th day, whereas only 4 per cent of those treated 
■with polytnyxm B were dead at this time By the 10th day however, 15 per 
cent had died 

Ptnuorm infection Wells (1952 o and 6) studied the effect of various doses 


Inhibitory concentration 

ImU * W'l ) 

04-> 4 0 

< 0 004-1 6 
0 06 5 0 

0 125-0 15 
0 6-12 0 
0 006-0 6 

0 04-1 0 
0 08 

1 2-1 6 
016 

04 1 0 
01 31 
0 08 

< 0 04-0 08 
0 06-0 64 
0 03-0 6 

0 32 
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of polymyxin B, clilortetracyclme,andbacitracm on the number ofAspicuJans 
titraptera found m the stools of infected mice Although it was thought that 
chlortetracyclme and bacitracin had some effect, no effect ivas seen ivith 
polymyxin except possibly a reduction in the size of the norms 

Further experiments were carried out by Benhamou (1949) andbyLevaditi, 
Vaisman, and Henry Eveno (1949) which confirmed the protective effect of 
polym 3 rxin m mice infected with Ktebs jmeunumiae, II tnjluenzae, E cdt, 
Ps pifocyanea, Salm iyphi, Salm paratyphi A and B 


Toxicity 

It 13 m this field that clear distinctions can be made between the different 
polymyxins and their apphcability to disease in man It was generally agreed 
that polymyxins A, G, and D, because of their nephrotoxic efFecta, were not 
suitable for clinical use (see Stansly, 1949), but it was thought that polym^Tcins 
B and E were practicable from this pomt of view The effects of these 2 
polymyxms were studied m animals by Brownlee el al (1952) Further 
discussion iviH be confined to these 2 13^)68 unless otherwise stated P 0 I 3 - 
myxm B is also knowm by the trade name Aerosportn 

Although a certam amount of protemuria followed the administration of 
poljanyxm B m rats, rabbits, dogs, and man, this effect was found to be 
reversible With polymyxin E there was little evidence of kidney damage in 
most laboratory ammals, but in dogs some hyaline droplet degeneration of 
the epithelium of the convoluted tubules together with some nuclear changes 
were still occasionally seen when the renal tissue was examined immediately 
after discontmuance of treatment A few days later no such changes could bo 
found Other experimental tests 10 laboratory ammals were earned out b> 
Light, Tornaben, and deBeer (1952)whoconfiniied the temporary nature of 
the effects produced by polymyxm B, as compared with the more permanent 
renal damage produced by polymyxm A m rats Moyer, Mills, and Yow (1933), 
however, produced acute renal injury m laboratory ammals when a sufficiently 
large dose of polymyxm B was injected When intramuscular mjections 
were limited to no more than 2 5 mg per kg per day, no sigmficant clianges 
m glomerular filtration rate, tubular realreorption of glucose, renal blood 
flow, or excretion of potassium and sodium occurred Twice this dose, how 
ever, showed some effects on both glomerular and tubular functions Other 
organs did not seem to be affected 

In the meantime, Jawefz and Coleman (1949) had demonstrated that 
repeated mtramuscular injections of polymyxm B m man could produce 
cumulative serum concentrations and that under these conditions toxic 
effects were seen in the central nervous system As these authors were 
mainly treatmg patients with chrome infections of the unnary tract it is 
possible that the excretory function of their cases was often alreadj’ impaired 
and that any toxic effects would therefore be accentuated In 1951 Jawetz 
stated that a dose of 1 mg per kg of body weight given 12 hourly was most 
suitable, but that a nephrotoxic effect was produced if the dose was raised 
to 2 mg per kg for 7 days or even less Transient paraesthesias, dizziness, 
ataxia, and weakness might then occur Later still, Hopper, Jawetz, and 
Hinman (1953) desenbed the effects of administering poljunj'xm B to 13 
patients with long standmg pyelonephritis In those patients whose renal 
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function n essentially normal, m spito of a moderate protemuria and some 
blood cells in the urine, a dose of 1 7 to 2 2 mg per kg of body weight per 
daj could bo given for 9 to 14 da3’s by intramuscular injection, or even as 
much as 50 to 100 mg by intravenous infusion, without causing ill effects 
IVTien, how ever, there was any indication of depressed renal function, a lower 
dose of 0 8 to 1 3 mg per kg per day was sufiBcient to produce at least 
transient depression of endogenous creatinine clearance and some nitrogen 
retention 

Appl^ung their experimental findings to chnical use, Yow and Moyer (1953) 
came to much the same conclusion regarding the daily intramuscular dose 
Polymyxin B, was admimstered to 29 patients, who were suffermg from 
infections due to Pe pyocyanm, by intramuscular mjections m doses 
amountmg to not more than 2 5 mg per kg of body weight daily, with 
onlj’ transient alhummuna, pain at the injection site, paraesthesiae, or drug 
fever resulting IVhcn renal tests were normal prior to drug therapy, they 
remained normal after treatment Yow and Moyer (1953) therefore came to 
much the same conclusion as Jawetz and his colleagues, namely that so 
long ns kidney function was normal, intramuscular doses of polymyxin B 
might safely be given in doses up to 2 5 mg per kg of body weight per 24 
hours 

From these specialized trials it is of interest to turn to the kinds of reaction 
obserred in otlier tj’pes of patients From this point of view the report of 
Pulaski €l al (1949) is revealing These authors employed only polymyxin 
B and E m the treatment of 50 patients with infections of the urinary 
tract, intestine, and wounds IThen the dose did not exceed 2 5 mg per kg 
per day none of their patients developed true drug sensitization reactions 
and none showed evidence of any toxicity from either oral or local ad 
ministration However, as is usual after intramuscular injections, the 
patients complained of pain at the site of injection, paraesthesiae and 
hyperaesthesiae mainly about the face and scalp In some cases mild 
dizziness, ivealcness, and circumoral flush developed These ill effects usually 
followed the 1st dose and persisted throughout treatment, but disappeared 
24 hours after this was discontmued In none of these patients were the 
sjTiiptoms severe enough to neccbsitalc stopping treatment With a daily 
dose of 2 5 mg per kg , Pulaski ct al (1949) found no increase in blood* 
urea mtrogen or non protein nitrogen, nor was there any other evidence of 
renal damage When, however, the dose was raised to 4 mg per kg or more 
there ivas albummuria, red and white blood cells and sometimes renal cells 
m the urmc Even these toxic effects disappeared mthm 4 days of stopping 
treatment These clinical investigations into the toxicity of polymyxin B 
and E had so far not made any distinction between the 2 drugs in this 
respect It is therefore of interest to turn to the report of Swift and Bushby 
(1953) m which an attempt was made to differentiate between the effects of 
the 2 polymyxins These authors confirmed the experimental data given by 
Brownlee ef al (1952) shoAvmg that there wiw a demonstrable difference m 
the seventy of the effects from the 2 polymyxins Pol^nnyxin B ivas admini- 
stered to 32 patients and polymyxm E to 53 patients The doses employed 
were 10,000 (1 mg ) to 12,500 TTmts per kg of body-weight mjected intra- 
muscularly every 4 hours to eZuHren, and usually 250,000 Units to adults 
at the same intervals As a result of this trial Swift and Bushby (1953) 
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considered that polymjTon B was not free from troublesome reactions such 
as pain at the sites of mjection, pyrexia, malaise, and mild paraestheaia 
There was no great difference in the effects produced by poIymjTtin E , if 
anythmg, pain on injection was less but the paraesthesiae were of tlic same 
extent They concluded that these side effects were not sufficient to preclude 
the use of the antibiotics in clinical practice They summarized the incidence 


of toxic reactions in 

their patients m the following manner 


Type of 


A tsmber of patients 
TFilft renal With local 

T(irA 

H 1th 

pol jmyxtn used 

Total 

damage 

reactions 

p jrexta 

rashes 

A 

27 

26 

0 

7 

0 

B(WRL)* 

24 

0 

19 

18 

0 

B (Pfiier) 

a 

0 

6 

3 

0 

E 

63 

0 

8 

4 

2 

* W R L Early lots supplied by the ttellcome Research Laboratories 



Toxic effects from intrathecal injection 
A description of a reaction following the intrathecal mjection of 100,000 
Units^ of pol3TnyMn B in a case of meningitis was given by McGill and Mendel 
(1953) The patient had developed a low grade meningitis following a frontal 
smusitia due to B faecahs alkaltgenes, which was found to be sensitive to 
polymyxin B Nme days after the first symptoms the patient received an 
intrathecal injection of polymyxin which was repeated twice a day In 
addition 250 000 Umts were given mtramuscularly every C hours Twch e 
hours after the first injection the memngism bad increased and the cerebro 
spmal fluid, which before treatment bad been clear, was now cloudy, but 
within 48 hours cultures of the cerebrospinal fluid were sterile By the 8th 
day of treatment, the patient still had neck rigidity and urmary retention, 
but the cerebrospinal fiuid was clearer and bad fewer cells in it Neck 
rigidity eventually disappeared but the patient developed generalized 
weakness of the legs and mcontinencc of bowels and bladder, which only 
slowly improved Intrathecal treatment had been contmued m spite of the 
symptoms for about 1 month The authors considered that a generalizetl 
memngeal reaction resulted from the poijmyim and that this was followed 
by an arachnoiditis affecting the cauda equina It was suggested that a 
lower dose might have been advisable, even though this dose of polymyxin B 
had been given mtrathecally on previous occasions without provoking a 
reaction The experimental work of Teng and Johnson (1953) supports the 
view that the polymyxm B was responsible for this reaction These investi 
gators found that the antibiotic was both untant and toxic when injected 
mtrathecally m dogs, some of which died after mjections of 40,000 Umts 
Smaller doses caused weakness the hmd legs and, when the ammals were 
examined 1 month later, chromatolysis of some of the anterior horn cells 
with demyehnation of the peripheral parts of the spinal cord were seen 
Teng and Johnson (1953) describe 2 further cases One was a newly born 
infant with meningitis due to E colt, who had convuLions after an intrathecal 
mjection of5mg (50,000 Units) of polymyxm B and the other was an adult 
man with otogemc memngitis, m whom 50,000 Umts mjected mtrathecally 


lOmg 
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produced backache and retention of unne for 5 daj’s Fortunately both 
reeo\ ered 

Administration 

It had been shoM-n that thepolymjxins were poorly absorbed by animal 
tissues (BrouTilee el al , 1952) Orai administration, except for action against 
organisms n ithm the gut lumen thus seemed to be ruled out When 2 mg 
per kg body ireiglit ivas administered orally to 6 normal children no drug was 
found in the serum or urine durmg the following 4 hours (Kagan et al , 1951) 

Intraienous admxnistmlion 

This had been used without any serious effect by Hopper ei al (1953) 
Fifty to 100 mg of polymjuan B suspended in 250 ml of 5 per cent dextrose 
in water were administered, but the resulting blood levels were not reported 

Intramuscular admintstralton 

This 13 the method most used for ^tenuc effects Although relatively 
low blood levels are obtained in this way (Browmlee et al , 1952), it is the 
moat practicable method of introducing the polymyxins into the blood 
stream It is possibly because of the llndiiig that 50 per cent of the activity 
of the dru^ is lost immediately after they are mixed with serum tn vttro, that 
the therapeutic results have not been as successful as might have been 
expected from their bactericidal action Pulaski et al (1949) found that 
mjections amounting to 2 to 4 mg per kg per 24 hours produced serum levels 
of about 1 to 8 fig per ml With 6 hourly injections a peak of 30 pg per ml 
was reached after the 4th injection, but if the drug was given 12 hourly 
no cumulative effect was produced Although only trivial amounts were 
excreted at first, the amount excreted increased 12 hours after admimstration 
began, and sometimes reached 40 to 400 pg {wr ml In children with pertus 
SIS, when a dose of 4 8 mg per kg per 24 hours was given in 4 hourly injec 
tions, Kaplan, Fischer, and Kohn (1949) found levels of 2 6 to 7 0 fig per ml 
in the serum mth no sigmficant cumulative effect when administration was 
continued for 5 days 

Local administration 

When apphcable this had been by far the most effective method of using 
the polymyxins Sforeover the poor absorption of the drug by the tissues 
ensures that its action is onl^ local and that it does not give nse to systemic 
toxic effects 

Aerosol administration 

Kaplan et al (1949) used tins method of administration to children with 
whoopmg cough After repeated inhalations of 0 72 mg per kg of body 
weight at 6 hourlj mtervals, an average level of 2 3 fig per ml was found m 
the blood, but no sigmficant cumulative effect was observed over a period of 
5 days Kagan el al (1951) used fbw method of administration in I infant, 

5 6 mg of the drug bemg dissolved m 1 ml of saline (0 8 mg per kg ) Ten 
to 12 Umts (l-l 2 fig per ml ) were detected m the scrum durmg the 
following 2 hours 
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Intrathecal adminxstration 

Again, because of the poor absorption of the pol>^TlJ xms from other sites, 
this route is essential for tho treatment of meningitis due to susceptible 
organisms Injections of 5 mg (60,000 Units) of pol^mjxm U were capable 
of sterilizing the cerebrospinal fluid of an infant, but conmlsions were pro 
duced Injections of as much as 100,000 Units in a man haae been followed 
caentually by recoaery, but much lower doses than these hiae been given 
with good effect, for CTample, 20,000 Units (2 mg) haae been injected 
repeatedly in an adult without producing signs of damage to the central 
neraous system 


CLINICAL TRIALS 

Early clinical trials arere camcil out by Kagan (1040), I’uhskirtfl/ (1040), 
Ross, Burke, Rice, BischofT, and Washington (10-10), and SwTft (1048) 
Since Gram ncgatiao roils maade the urinary tract so frequently , tho poly 
myxins haao been largely usc<l for gonito urinary infections In only a ftw 
cases has treatment met aaifh no response Although m most cases 
pyocyanta,E coU,A aerogenes, ami Kltbs pnrwmoniflc disappeared from tho 
urine within approximately 5 days and sometimes even aaithm 12 hours of 
beginning treatment (Pulaski et at , 1949), the organisms usually returned at 
a later date (Hopper et at 1963} Tins return docs not seem to hat o been duo 
to any increase m the resistance of the organisms to tlio drug 

Tho results of treatment m gastro intestinal infections were disappointing, 
but since the drug was usually given by month in these conditions and 
absorption is poor, tho uncertain results are understandable Satin U/phi 
were eliminated from the stools of carriers who were given 100 mg of tho 
drug 4 hourly, but all those cases cxcretcil tyqdioid bacilli again at aanablc 
periods following tho cessation of treatment 

lilcmngitis due to Gram negative organisms could be treated successfully 
by intramuscular and intrathecal injections Altliough the preliminary efiects 
of intrathecal injections could bo alarming, Tccovery from the infection 
eventually occurred In pertussis tho response was variable in spite of the 
fact that the organism was particularly susceptible in tilro to the antibiotic 
Nevertheless, Swift (1948) claimed that infants responded dramatically when 
treatetl early enough 

Pertussis 

Bradford and Day (1949) compared the relative effectiveness of polymy’xm 
B, chlortetracycline, and streptomycm in protecting mice from pertussis 
infection Whereas streptomycm and polymyxin were equally effectivo 
rn tilro the protective use of streptomycm was 10 to CO times greater than 
that of polymyxm and approximated to that of chlortetracyclme W'hooping 
cough was the first infection to be treated by polymy’xin Swift (1948) treated 
10 infants and children suffermg from whooping cough, but from only 1 of 
these could H pertussis be isolated Swift (1948) concluded that if poIymjTnn 
treatment was started withm 1 week of the onset of whoopmg and continued 
m doses of 0 2 to 0 4 mg per kg 4 hourly, the children experienced an 
uncomplicated recovery apart from the toxic effects A later report of Swift’s 



Chapter 6 POLYMYXIff 129 

experience witb polym 5 ^n B given by Broivnlee (1949) confirmed the earlier 
conclusions These unfortunately vrere not fully supported by other tv orkers 
Por example, in 17 children treated by Laarent with 0 5 mg per kg of body 
weight gi\ en m 4 hourly doses for 6 days (Brownlee, 1949), only 1 responded 
dramatically and this was a 17 month old infant with vomiting and severe 
paroxysms Nevertheless, m half of the children the usual course of whooping 
cough was shortened Again, Coutts, quoted by Brownlee (1949), treated 
10 patients with proved pertussis with the same dose In 6 of the children m 
whom treatment was begun befOT© the 4th week of illness, the disease was 
aborted A large senes of cases was treated by Kaplan et al (1949) In each 
patient the diagnosis was made by the history and chmeal findmgs or by the 
isolation of U pcrttwsjs from the nasopharyngeal swab (34 cases) To these 
children polymyxm B was administered m doses of 4 8 mg per kg of body 
weight per day given m 4 hourly doses by intramuscular injection, or GO per 
cent of this dose by aerosol These authors considered that 23 of their 66 
patients were undoubtedly improved by intramuscular treatment, and 5 out 
of 18 by aerosol admimstration 

The most sigmficant findmg in these equivocal results was the number of 
comphcations In 9 cases there were pulmonary comphcations atelectasis, 
pneumonia, or emphysema Four children had diarrhoea and 2 had otitis 
media There is no evidence to suggest that these conditions were duo 
to insusceptible infection but experience with other antibiotics would lead 
one to suspect that these secondary conditions might well be due to such 
organisms 

In studying the primary disease, Kaplan el al (1949) stated that the 
paroxysms m 65 of their patients reached their peak m the 3rd week and then 
gradually diminished m number and seventy until the Cth The children 
gained Ts eight slowly, and vomitmg continued to accompany the paroxysms 
These authors drew attention to the fact that the mortality from pertussis 
had declined during recent years even without treatment All these reports 
lead one to the conclusion that the only tune when one could expect poly 
myxm to exert a chemotherapeutic effect would be m the early stages, before 
the paroxysmal stage had been reached Except m an epidemic, admmistra 
tion of the drug at this stage would seem to be a counsel of perfection which 
is hardly practicable at the moment 

Typhoid fever 

Four patients inth typhoid fevrar were treated with polymyxin by Knight, 
Ruiz Sanchez, Ruiz Sinchez Schultz, and McDermott (1950 o) Unlike 
other patients treated by chlortetracyclme and chlorampheracol, these 4 
cases showed no benefit which could be attributed to the antibiotic Treat 
ment ivas continued in all for 45 days even though the poor absorption of 
polymyxm by mouth i\as unhkely to affect the infection. 

Meningitis 

The first case to be treated by polymyxm B was a child of 13 months with 
an infection due to H tnfluenzae B which was sensitive to 0 43 Umts per ml 
of the antibiotic The organism was not sensitive to less than SO pg per ml 
of streptomj cm (Kagan 1949) Aftw the diagnosis had been made, large 
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doses of Btreptomycm, sulphadiazme, and anti influcii 2 al rabbit serum were 
given, but tvithout success After 2 weeks of this therapy, dunng ivhich 
tune the child s condition steadily detenorated, treatment tvith poljTnj’xm B 
•was substituted 'This was given by intiaciuscular injection every 4 hours in 
a dose of 7 mg dissolved in 1 ml of diluent and intrathecally in a dose of 
1 mg m 0 5 ml salme on the let day, 3 5 mg on the following days As a 
result of this treatment, the child’s condition appeared to detenorate for the 
first 4 days and then showed rapid improvement Three months after 
recovery and discharge firom hosjutal, no neurological or other phjsical 
defects could be found, although the mental development of the child 
appeared to be retarded Other cases of meningitis due to H tn^uenzaewere 
reported by Brakeley (1950) whose patient, aged 3| years, recovered after 
10 days’ treatment with 100,000 Umts of polymyxm 3 hourly b> intra 
muscular mjeetion and 4 days' treatment by intrathecal injections of 10,000 
to 35,000 Umts and those by Swift and Bushby (1951) The latter workers 
treated 8 children m whom H influenzae B had been isolated from the cerebro 
spmal fluid The sensitivity of the orgamsms in titro uas 1 25 to G Umts 
per ml On the 2nd to the 8th day after symptoms had appeared these 
children were given 7,500 to 12,500 Umts of polymyxm E per kg (0 75 to 
1 25 mg per kg ) by mtramuscularinjection4 hourly In addition, mtrathecal 
mjectiona of 0 5 to 4 mg were administered daily according to the age of the 
patients, which vaned from 5 months to 3 years In all the cerebrospinal 
fluid was sterilized within 72 hours Seven cases recovered completely while 
1 died from an intercurrent pneumococcal infection It is of mterest to note 
that, with these mtrathecal doses, no ill effects were observed except for a 
temporary hypotoma m 8 patients The pneumococcal infection, however, 
•was a senous comphcation which nught have been foreseen from the fact 
that the child ongmally bad an upper respiratory infection which had 
responded withm 48 hours to pemcillm and a sulphonaniide, both of which 
were discontmued after polymyxm was administered This complication with 
so specific a drug as pol ym y x m casts some doubt on whether one ought to 
rely on it alone to control an infective process Pig 6 shows the chart of 
1 of these children to whom pemcillm was given, as well as polymyxin, to 
coimteract any accompanying coccal infection 

Meningitis due to Ps pyocyanea 

This condition rarely appears to arise unless there has been some penetra 
tion of the mtrathecal space from outside Hajes and Yow (1950) described 
a case in a young woman of 17 who developed fever, backache, headache, 
and pain between the shoulders 3 days after spmal anaesthesia had been 
given for an appendicectomy Although the cerebrospinal fluid ivas examined 
on the 8th post operative day it was not until 2 months later that Ps aerugi 
nosa was cultivated from it No other antibiotic inhibited this organism m 
practicable concentrations, but it was very susceptible to polymyxm B 
Accordingly, after 9 weeks of unavailing treatment with pemcillm, dihydro 
streptomycm, sulphadiazine, and dilortetracyclme, polymjuon B was 
administered m doses of 80 mg mtramuscular injection every 6 hours 
andof2mg mtrathecally every 12hour8 forS injections The cerebrospmal 
fluid became sterile withm 24 hours of beginning treatment but again, 10 
days later, cultures from it grew Ps aeruginosa This patient showed 
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considerable nausea, vomiting, and albnmmuria during treatment General 
ized pruritus developed, and pama do\m the legs and m the back were trouble- 
some It was thought that some of these reactions were allergic on ongm, 



DAY OF treatment 

Fio 6 Meningitis due to H \nfiutnzat, type D, m « boy of 16 months treated with 
polymyxin E and pemciUin From being semiconsctous with neck rigidity, a positive 
Kemig 8 sign and a turbid cerebrospinal fluid fcorn which the orgamsm was isolated he 
showed chiucal improvement by the thud day of treatment and his cerebrospinal fluid 
was free of H xnfiutnzae in less time than this Peoicdlin was given for a widespread 
bronchitis and to counteract the tapeeveaiton of any coccal infection 
(From Swift and Busbby Lanctt, 1951, n 163 ) 

for the patient seemed to benefit frmn taking pjTibenzamme It was 6 
months before normal health and weight vere regamed Another patient 
reported by Tomhn (1951) contracted the same tj'pe of meningitis following 
an endoscopy for renal colic The onset was again not particularly acute, 
for the patient had had a bitemporal headache for a month before the 
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cerebrospinal fluid “was examined Again other antibiotics were administered 
m a vam endeavour to control the memngism, until haemorrhages in the 
fundi, early papiUoedema, and a headache confined to the nght supraorbital 
area raised the suspicion of a frontal lobe abscess Ps pyocanea, which bad 
been cultured on occasion from the spinal flmd, was now cultured from the 
ventncular flmd Intramuscular injections of polymyxm B, amountmg to 
3 2 mg per kg per day, were given 4 hourly, and 6 mg were mjected 
mtrathecally each day for 3 days The patient suffered from severe pam m 
his legs after the mtrathecal injections and also at the sites of mtramuscular 
mjection, and this was accompamed for 15 mmutes by circumoral and perioral 
anaesthesia A famt trace of alhummuna appeared durmg the 2nd day of 
treatment, but after 7 days of treatment the patient began to show signs of 
improvement No Ps pyocyanea had been cultured from the cerebro 
spinal fluid after the 1st day In spite of the parenteral administration, the 
urme was not sterilized so readily and it was necessary to use other drugs 
before it became sterile Two and a quarter months after treatment, tius 
patient was discharged from hospital and had gamed weight, but the haemor 
rhages m the fundi were still apparent for 6 months Lastly, Trapnell (1954) 
described a case of Ps pyocyanea meningitis m a child of 5} years foUowmg 
an exploratory operation m the cervical cord region Ten days after the 
operation meningitis developed and the child was treated by pemcilhn, 
streptomycm, oxytetracycline, and cbloramphemcol without cfi^ect Before 
polymyxin B was admimstered a pure growth of Ps pyocyanea had been 
cultivated from the cerebrospmal fluid Treatment with 200 000 Umts 
(20 mg ) intramuscularly every 4 hours and 40 000 (4 mg ) intrathecallj 
12 hourly for 3 doses, and then once daily, was followed by subsidence of 
temperature and improvement m the state of the cerehrospinal flmd, which 
became stenle by the 4th day of treatment In spite of continued treatment 
for 8 days Ps pyocyanea reappeared m the cerebrospmal flmd 3 days after 
treatment was stopped A second course of the antibiotic, this tune lasting 
for 2S days ended m full recovery In this child untoward symptoms and 
signs followed the administration of polymyxm B Appetite was lost early, 
and vomiting was frequent Sacral oedema developed on the 3rd day with 
mild but transient oedema of the face and a trace of albummuria After 
each mtrathecal mjection the child at first cried out from the pam which 
ran down his legs Eosmophilia and xanthochromia of the cerebrospmal 
flmd developed durmg the 2nd course of treatment together with mild 
albuminuria However, the blood urea remained normal and a week after 
the end of treatment the patient had so far recovered that he iras i^clang a 
football about the ward Six months later he showed no evidence of relapse 

Concliiston 

These cases of memngitis although all but 1 of them recovered produced 
symptoms alarmmg enough to make the mtrathecal administration of polj 
myxm B a last resort as Bonzamgo and Jlolo (1953) desenbe it Even 
though the patients of S>vift and Bushby (1951) seem to have shown the 
mildest reactions from polymyxm E, the fact that hypotoma was produced 
m 3 of their 8 cases is an indication that, with less carefully controlled 
treatment, even polymyxm E may produce unfortunate results No one 
else appears to have given the high doses administered by AIcGill and llendcl 
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(1953) by intrathecal injection HoiFCver, the fact that m their patient pro 
longed convalescence was required before motor and sensory faculties were 
again normal, and the records of oth^ cases presented here, mdicate that 
no dose of over 2 mg should bo given intrathecally even though treat 
ment needs to bo repeated or contmued for some time 


Infections of the genlto •urinary tract 

Puhski and Rosenberg (1949) found that polymyxin E given mtramuscu 
larly in doses of 2 to 4 rag per kg of body weight per day produced serum 
levels in the region of 8 /ig per ml from30inmiitesto2boursafterinjection, 
detectable concentrations still being present for 12 hours after a smgle dose 
The concentration of the antibiotic in the urine did not reach its maximum 
for 12 hours, but after that tune, with a dose of 3 mg per kg , a patient 
would usually excrete 40 to 400 ftg per ml of unne With such concentra 
txons m the urme many of the Gram negative species of bacteria should have 
been controlled by the drug 

Pulaski and Rosenberg (1949) were amongst the earbest workers to make 
a trial of polymyxm B in urinary tract infections They chose 20 patients 
with severe and intractable infections and gave them 2 to 6 6 mg per kg per 
day for 2 to 6 doses The most satisfactory dose was considered to be 2 5 mg 
per kg given in 4 doses for 3 days by intramuscular mjection with 1 per cent 
procame In 10 of these patients the bacteria disappeared from the unne, 
the fever subsided and sjTnptoms and the gross and microscopic appearance 
of the unne improved Moreover, dunng the following 3 weeks there was 
no relapse m these cases Pulaski and Rosenberg (1049) considered that they 
obtamed the best response in pyelonephritis due to Pa pyotyanta, these 
organisms disappearmg within 12 hours of beginning treatment They 
had no success, however, in patients whose urine contained orgamsms 
resistant to polymyxin or in those xvith multiple abscesses of the kidney 

A further 8 cases were reported by Bro^vnlee (1949) These mcluded cases 
of cystitis, orchitis, prostatitis, and pyonephrosis, the infecting orgamsms 
being Pa aeruytTioaa and/or B cdt, and various other organisms. All cases 
received 20 mg 4 hourly, which was enough to remove Pa aemginosa and 
other sensitive orgamsms from the unne within a matter of hours, but even 
with infections due to such a susceptible orgamsm, 1 patient relapsed withm 
3 days of treatment Nesbit and Baum (I9W), in a comparative study of the 
effects of various antibacterial agents, considered that polymyxm should be 
reserved for mfections due to Pa pyocyanea, but suggested a combination 
of several antibiotics to deal with mixed mfections 


Gastro 'intestinal infections 

Enienhs 

IVhen the responsible orgamsm is known to be susceptible to polymyxm 
there wems a very good chance that acute infections will respond to this 
drug Pulaski etal (1949) found that 200 to 400 mg per kg perdayadmim 
stered by mouth was sufficient to suppress all coliform orgamsms except 
proteus within 24 to 72 hours The numb^ of cocci present varied, while 
clostndiaand moniha •» ere unaffected Not only were the cohforms removed, 
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but they did not return to the etoola in recognizable numbers for 1 to C daj-s 
after treatment ceased Thus, if treatment v ero continued for 10 to 18 daj's, 
the stools could be kept free of these oigarnsms for 11 to 24 dajs Slorcorer, 
these workers found the cohforms susceptible to poljTn>xin both before 
treatment and also m hen thej returned to the stools after the drug had been 
discontinued A further trial in children nas carried out by Kagan ei al 
(1951) These authors, Mho treated tlicir patients with intramuscular injec- 
tions as well as by mouth, also found that pobni3^in B could nd the stools 
of Ps jtyocyanca but the patients sometimes died from concurrent disease, 
or from the ongmal enteritis when the drug had been discontinued early 
because of local and general toxic efTccta ToJic effects mamlj took the form 
of flushmg, urticaria, and pam at the site of injection 

Dysentery due to shigella 

Burke, Ross, Rice, and Washington (1949) treated 1C children suffering 
from this infection with a dose of 2 to 3 mg per kg of bodj -weight given 
4 hourly foe 7 to 15 days, either mtcamusculfttly or by mouth rourtcen of 
the cluldren recovered quickly but in 2 the treatment produced no significant 
effect Kagan tt nl (1951) treated 6 children with 2 mg per kg gnen by’ 
mouth every 4 hours On this dose 2 childreri "ith Sonno dysentery showed 
no shigella© in the stools after 3 days’ freatmenl and cluneal improvement 
was manifest within 5 days Three other children whoso stools contained 
Sh allaleseens were treated both by intramuscular injection and by mouth 
In these cases the stoob were free from slngellao after the 4th day and 
remained so, the treatment being continued for 7 days even though the 
children appeared clinically well after the 3rd day A third senes of 23 
children under II years was collected by Liebcrman and Jawetz (1951) from 
an institution for mental defectives where bacillary dysentery was endemic 
All of these children were carrying Sh paradysenlenae The children were 
first isolated and then treated ivith polymy xm B or E by mouth 16 to 20 mg 
per kg daily, a similar dose to that given by Ross et al (1910) and Kagan 
etal (1951) The drug was given in 3 doses daily and continued for 10 days 
Twenty of these children recovered and remamed free of shigcllac for the 
8 weeks following the discontinuance of treatment There were, howcier, 
3 failures in whom the organisms disappeared at first but then retumeil to 
the stools withm 3 to 0 weeks No toxic effects "» ere seen in this senes so that 
repeated courses for earners were considered a feasible procedure when 
necessary laeberman and Jawetz (1951) pointed out that as these poly- 
myxins are not absorbed from the gastro mtestmal canal in significant 
amounts and are not locally irritating, they form particularly useful agents 
for treating this recurring infection by mouth smee they are highly bacten 
cidal and stable 

Dysentery due to salmonella 

With the same dose as that given to children suffenng from shigella 
dysentery, Ross et al (1949) found only equivocal results m salmonella infec 
tions OneinfantmthesenesdescnbedbyKaganetal (1951) sufferingfrom 
a salmonella dysentery, received 5 days of intramuscular and oral treatment 
without any effect Nevertheless m an adult patient reported by Brownlee 
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(1949), Salm lyphxmunum T,as successfully eliimnated from the stools by 
doses of 100 mg of polymyxin B administered 4 hourly for 3 to 5 days, and 
climcal recovery took place Similarly successful, although temporary, 
results were claimed for 4 tjT^ioid carriers by Kay and McDonald (quoted 
by BrotNTilee, 1949) Salm typb\ disappeared quite rapidly from the stools 
after 100 mg had been admimstered 4 hourly, but m all 4 cases the organism 
reappeared after variable periods of time 

When the origm of the ententis was unknown and treatment was given on 
the chance that it might have some effect, results i\ere not so satisfactory 
Cathie (quoted by Broimlee, 1949) treated an unselectcd senes of 20 infants 
in hospital amongst a number of others suffering from gastro enteritis A 
dose of 60 mg was given by mouth daily for 4 days at 6 hourly intervals 
but no effect on the flora of the stools was observed Nmo of these infants 
recovered remarkably quickly, but the course in the remainder was m no 
way different from the usual progress of the disease when not treated by 
chemotherapy Similar conclusions were reached by Burke ei al (1949) 
Although these investigators noted a marked diminution in the stool flora 
on a dose of 2 to 3 mg per kg of body weightgivcn 4 honrlyfor? tolSdays, 
no particular climcal benefit was observed in cases suffermg from this tj^pe 
of diarrhoea There is, however, an occasion when polymyxin may be of us© 
for cases of non specific ententis aud that is when a specific bacterial infection 
supervenes on the original condition Walker (1952) picked out 4 mfants of 
less than 16 months m whose stools no distmctive bactena had been isolated 
until serial etammation in the 2Dd or drd week after admission revealed 
Pi aeruginosa or a proteus sensitive to polymyxin la addition to the sup* 
portive treatment which these patients were already having, polymyxm B 
uas administered m doses of 4 mg 4 hourly for 5 days by intramuscular 
injection to the oldest infant and in doses of 50 mg 4 hourly for 10 days 
by mouth to the younger ones In the first child treated by intramuscular 
injection, diarrhoea subsided within 48 hours but treatment was neverthe 
less continued for 5 days IVeatmcnt by mouth u-as folloived by a slower 
recovery, the diarrhoea subsiding in 6 days These cases were not free from 
relapse 1 case had a haematoma infected by the same organism for which 
treatment had been continued in all for 45 days, although polymyxin by 
mouth was unlikely to have an effect on the mfected haematoma 

Preparation for bouel surgery 

Acting on the demonstration by Jawetz, Coleman, and Gunnison (1954) 
that polymyxin and dihydrostreptomycin act synergistically, Elias, Ottey, 
and Moran (1957) administered each drug separately or the 2 together to 
13 healthy adults, observing the effect on their faecal flora Each group 
received medication for 4 days Assays of faecal samples after doses of 
32 mg daily of polymyxm and 800 mg of dihydrostreptomj cm showed the 
presence of each antibiotic Dihydrostreptomycin depressed the faecal 
count but with the 2 antibiotics it was depressed still further 


Burns 

The role of polymyxin in infected bums seems to be largely that of con 
trolling Ps pyocyanea infection Jackson, Lowbury', and Topley (1951 b) 
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described how all their efforts with streptomycm, Phenoxdol, soluthiazole, 
and p bromophenylbiguamdme hydrochloride had faded to control the 
invasion of bums by this organism Chlortetracj dine, chloramphenicol, 
and oxytetraoychne had proved equally unsuccessful At the end of 1948 
these authors began to apply polymyxin E to bums every 2nd day in a 
0 1 per cent cream or solution With this preparation the results were 
encouragmg compared ■nith controls but not altogether satisfactory, for 
although Ps pyocyan^a disappeared from some bums bj- the 2nd day of 
treatment, it persisted m other cases and only 11 out of 21 cases were free 
from these organisms by the 5th to 7th day of treatment A more concen 
trated preparation of the antibiotic was next used, a 1 per cent cream 
This appeared to be more successful, but the presence of the antibiotic on 
the swabs taken from the bums may have interfered with the subsequent 
cultures The 0 1 per cent preparations were then used as prophylactic 
apphcations and these were effective m keeping 158 of 162 burned surfaces 
free of Pa pyocyanea, whde more than 3 times this proportion of the controls 
had become infected with this organism 

When studymg the effect of polymyxin E on the bactenal fiora, Jackson 
€t al (1951 6) also attempted to relate the presence or absence of these 
orgamsms to the chmcal progress of the lesion These authors came to the 
conclusion that the absence of Pa pyocyanta and other cohform orgamsms 
was associated uith a sigmdcant r^uction in the bealmg time of bums 
involving full thickness skin loss, the average healmg tune for those treated 
with polymyxm bemg 6 2 weeks and for controls 8 5 weeks Jloreover, 
grafts took mote completely when the burned surfaces were prepared with 
pol ymyxi n E Furthermore the likelihood of death from Pa pyoeyanfa or 
cohform septicaemia after the 7tb day foUowing the burning, was also dimi 
nished m patients treated with polymyxin E These workers saw no uneqm 
vocal evidence that sensitization was induced either by local or parenteral 
polymyxin E nor was there any sign of toxicity except m 1 child with 
extensive burns who had a trace of albummuna, which is, in any case, a 
common concomitant of extensive burning By 1954 the effect of local 
apphcations of polymjTan had so convinced these workers of the value of 
the prevention of infection inth Pa pyocyanea that they excised and grafted 
all smtable bums immediately after a dmis sion By this means they shortened 
by over 10 days the average healing time of the 50 to 100 cases received 
annually at the Birmingham Accident Hosjiital Bums Umt, compared with 
cases m which graftmg was delayed for 3 weeks The method used for 
differentiating between non viable and viable tissue at this earlj stage is 
descnbed in their communication (Ball, Jackson, Bow bury, and Toplej, 
1954} Altuna (1955) descnbed the serious effects that Pa pyocyanea could 
produce in children when imcontrolled In 680 burned children, 35 dicil 
from pyaemia due to this organism Although the parenteral administration 
of polymyxin failed to cure these children, prophylactic local applications 
had already been shown to be of value by Jackson tt al (1951 6) and might 
have done much to prevent some of these cases from the senous after 
effects of their bums Altui^ (1935) tned a combination of tetracjcUne 
and poljTnyxin m relatively large doses m 4 of these children and 3 of these 
recovered 
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Infections of the skin and ears 

As Jawetz (1952) had pointed out, polymyxin B is most effective m eradi 
eating susceptible infections ■when applied locally Polymyxin was used 
alone m a series of cases of otitis externa by Farrar (1954) The trials vere 
confined to cases infected ivith Pa pyocyanea, Proteus vulgaris, and E coli 
Ten per cent of polymyxin B sulphate in propylene glycol acidified with 
acetic acid was supphed in a bottle with a dropper The patients, who 
applied their own treatment at home, filled the affected ear with the solution 
•while lying on the contralateral side and, after staying so for a short time, 
plugged the ear with cotton wool The process was repeated morning and 
evemng In patients with bilaf^l otitis externa, one side was filled with 
solvent only Famj’s results confirmed the effectiveness of polymj’xm 
when applied locally to mfections caused by Ps pyocyanea, but he did not 
find the drug so effective against E coli mfections, and it was qmte ineffective 
against Proteus vulgans Farrar’s cluucal results may be summanzed as 
follow's 

No o/ easts 

InJttUn^ organum Total Dry 7 days Faded 

ProUus lulgaits 8 17 

E coh 7 5 2 

Ps pjocyanta II 10 1 

Of the 8 controls, none was free of the original organism at the end of the 
7 day period It is of interest to note that no sensitization reaction occurred 
m anj of the cases From these figures polymyxin would seem to have 
a particularly selective action and for this reason some investigators have 
adopted a combination of this antibiotic with another which was active 
against Gram positive org&iusms This combination should be of particular 
benefit m infective dermatitis For otitis externa Graves (1952) used a cream 
contaimng 8 000 Units (0 8 mg ) of polymyxm and 400 Units of bacitracin 
per G and found this highly effective in 100 consecutive cases Kile, Rock* 
well, and Schwarz (1953) also used this combination of antibiotics m much 
the same concentration, 10,000 Units of polymyxm B "with 500 Units of 
bacitracm m a petroleum base The lesions in 78 of the 429 cases treated 
by these authors were examined bactenologjcally Staph aureus was the 
most common infective organism being present m 46 per cent , while 
Ps pyocyanea and other Gram negative bactena were found in 13 per cent , 
oflesions Twelve out of 13 strains of Ps pyocyanea found were inhibited 
by 1 5 to 6 2 Umts per ml of polymyxm, but when the 2 drugs were 
used together inhibition occurred at a lower concentration of polymyxm 
It was therefore considered justifiable to incorpotate polymyxm in the routine 
dressing When summmg up their results, Kile et al (1953) stated that o\ er 
80 per cent of patients had benefited markedly or moderately from this 
treatment An important point was that a few cases of imtation were seen 
From the skin tests bacitracm seemed to be mamly responsible, no case of 
proven sensitization to polymyxm B was found A third mvestigation with 
omtment contaimng the same constituents •was carried out by Pass and 
Kattner (1954) These authors treated 677 consecutive cases of pyoderma 
^vlth frequent applications of the omtment The most responsive lesion, as 
remarked by others, was impetigo Ecthyma, pyogeme paronychia, sycosis 
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vulgam, and infected dermatoses responded more slowly, and only when 
the ointment iias applied frequently enough The underlying dermatosis 
was of course unaffected In all these cases Pass and Rattner (1954) saw 
no reactions, 3 patients only complained of burning after the omtment was 
apphed 

A combmation of polymj'zm and o^rtetracycluie was tried on 200 patients 
by Appel (1953) The preparation was an ointment containmg 3 per cent 
oxj’tetraeyclme and 0 1 per cent polymyxin B sulphate m a petrolatum 
base When apphed 3 times a day after crusts had been removed by a 
detergent, the omtment cleared up all of 21 cases of impetigo m 2 to 10 days 
Folliculitis also responded well, 15 of 18 cases bemg completely cleared In 
those lesions where a bacterial infection had supervened on the origmal 
dermatosis, the superadded infection responded qmckly but no effect was 
noted on the underlying dermatosis In Appel s case of otitis externa, the 
condition cleared up m a few dajs although in some cases it had persisted 
previously for up to 5 months Acne necrotica miliaris of the scalp also 
responded to this treatment, although more slowly As might have been 
expected, pyogenic granuloma, chrome pustular acrodermatitis, exudative 
discoid dermatitis, sicUe cell ulcer, palmar psoriasis, erythema multiforme, 
dermatophytosis and neurodermatitis orcuroscripta were unaffected by the 
treatment 

Another group of mvestigators who used a combmation of oiytetracj clmo 
with polym3r3an were ICiUmger, Wynn, and Young (1954) Instead of an 
ointment these authors used a solution containmg 25 mg of oz^detracyclme 
and 60 000 Umts (5 mg ) of polymysm B sulphate m 5 ml of propylene 
glycol This was apphed to the external ear of a patient infected with 
5alm fioTida The result was remarkable After 1 day's treatment the 
patient was free from discomfort and m 2 weeks’ tune the ear appeared 
quite normal Ausband (1955) also used a similar preparation for applications 
to both the external and middle ear Of 23 cases with infected ears treated 
by mstiUation of 3 drops 4 times a day, 15 were cured, 2 improved and no 
change was observed in 6 Ausband observed that this combination seemed 
particularly effective against "taphylococcal infections Without further 
bacteriological data it is not possible to hazard a guess about the cause of 
the failure m the 6 patients who were not affected by treatment An ointment, 
consistmg of 30 mg of oxytetracyclme and 10 000 Umts (1 mg ) of polvmyxin 
B sulphate per G of omtment base, was used by Carsley U955) on 75 patients 
with various types of pyoderma The response m these cases was most 
rapid m cases with acute impetigo folliculitis and sjcosis barbae, and m 
all instances where superficial bacterial infection was present Conditions 
which did not improve with this treatment were recurrent pyoderma of the 
hands, bullous impetigo, abscess of the face, acute pyoderma of the nose, 
chronic paronychia, pruritus am, and nummular eczema When the deeper 
layers of the skm were involved it was found necessary to administer oxytetra 
cyclme bj mouth 

A combmation of erythromyem with polymyvm E was apphed by Laing 
and Scott (1954) as an omtment to 14 cases of pyoderma m children The 
organisms isolated from these lesions were streptococci or staphylococci, all 
inhibited bj 2 5 pg per ml rf erythromycin or less The use of polymyxin 
would therefore seem to have been a prophylactic measure agamst Gram 
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negativ e infection, since the staphjlococci and streptococci tvere eliminated 
by the erythromycin The ointment was apphed 3 times a day after removal 
of crusts These workers reported that complete healmg occurred ivithin an 
average of 4 7 da>’s no sensitization was olreerved m any of their cases 

Infections of the ejes 

In experimental work done in rabbits, Ainshe and Smith (1952) showed 
that polymyxin could he injected subconjanctivally This procedure raised 
a bleb for 2 to 3 days, but did not affect the cianty of the cornea when the 
amount injected did not exceed 250 000 Umts Penetration into the aqueous 
humour occurred withm 1 to 3 hours Expenmental infections and ulcers of 
the cornea of rabbits produced by Pa pyocyanea were treated by daily 
subconjunctival injections of 600 000 Units for 4 days This treatment was 
followed by heahng but nebulae resulted With half this dose protection 
could still be afforded against pyoi^nea infection but not without produc 
tion of a temporary comeal haze Later, Ainslie (1953) treated 8 cases of kera 
titis m man The organisms isolated in these cases were Pa pyocyanea some 
times associated inth a staphylococcus Polymyxm E w as only used after the 
eyes had failed to clear following treatment with pemcilhn streptomycm, 
chloramphemcol, or oxytetracycline was then given by subcon 

junctival injection in amounts of 200000 to 250,000 Umts daily or every 
2 dajs ^Mien hypopjon was present this was first evacuated The ulcers 
healed, but sometimes recurred when treatment was lunited to 2 days, but 
even after recurrence these ulcers responded to further treatment In only 
1 case had the ej e to be eviscerated because of the extent of the lesion before 
poljTnjxin was apphed 

These results were good when one considers the fact that ulceration must 
have been present for some time while various other antibiotics were being 
tried It is of mterest to note that an ointment containmg chlortetracycUne 
or oxytetracycline was apphed simultaneously with the polymyxin mjections 
These antibiotics probably kept the staphylococcal infection in abeyance 
while the Pa pyocyanea was being dealt with by the polymjucm 

Conclusion 

From the foregomg results it would seem advisable to hmit the therapeutic 
use of polymyxin to local application Since oral administration is accom 
pamed only by local effects this also is a legitimate method of employing 
the drug Dysentery, particularly that due to shigella, should respond to 
doses of the order of 12 to 20 rog per kg of body weight daily divided into 
4 hourly amounts When an intractable infection, such as that of the urinary 
tract or meningitis has to be dealt wuth for w bich no other means of cure can 
be found, it is justifiable to use polymyxin mtramuscularly Doses of 2 5 mg 
per kg per 24 hours admimster^ m dmded doses at 4 hourly intervals, 
can be employed Intrathecal administration is only justified when prelimi 
nary tests have revealed the responsible oigamsm to be susceptible only to 
polymyxin and should not rise above 2 mg with correspondmgl3 lower 
doses for children and infants It is better to discontinue intrathecal mj ections 
after 3 daj s and to recommence them if a relapse occurs than to continue 
daily injections for a longer time 
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NEOMYCIN 

GENERAL CONSIDERATIONS 

Neomycin was announced by WaLsman and Lecheialier in 1949 and was 
e3:pected to replace streptomjcin since it was much less liable to induce 
resistance m pathogemc organisms It was isolated from a streptomyces, 
designated S fradiat m Bergey s Mamud, and was tested for various proper 
ties while still a somewhat impure product WaLsman and Lechevahcr (1949) 
described it as a basic compound most active at an alkahne pH, soluble m 
water but not m orgamc solventa, and heat stable The range of its anti 
bacterial activity was wide but it did not exactly correspond to that of 
streptomycm Moreover, it was equally active against streptomj cm sensitive 
and streptomycin resistant bacteria (Waksman, Frankel, and Graessle, 
1949 o) It had no action against fungi (Waksman, Lechevalier, and Hams, 

1949 c) Table 12 gives an idea of the types of organism inhibited by neomy 
cm These mclude organisms found to be resistant to antibiotics other than 
streptomycm (Duncan, Clancy, and Hudson, 1050) 

In animal protection tests Waksman and Lechevaber (1949) showed that 
mice or chick embryos could be protected from lethal doses of Staph aurtus 
and salmonella infections Salm typhosa infections could also he prevented 
by half the dose required with streptomycm Tuberculosis u guinea pigs, 
when treated foe up to 30 days, showed signs of repair and healing when the 
animals were killed 77 days after infection (Karlson, Gainer, and Feldman, 

1950 6) Experiments with pmworm infection m mice b> Wells (1952 a) 
demonstrated that neomycm given either before or after infection merely 
mcreased the ‘worm burden of the mice compared with that of controls 
Neomycm was also effective against Kltbs pneumoniae, ProleM vulyana, 
Ps aeruginosa (Hobby et al , 1949), cholera m mice, rickettsial pox m guinea 
pigs to some extent, vaccmia m mice, and E histolytiea m young animals 
(Felsenfeld et al , 19506) No protection, however, was afforded against Tr 
crmtundL donoianiinfectionsingumea pigsnor F 6rucet infections m mice 

The antibiotic was found to be bactericidal as well as bactenostatic 
(Waksman ef al , 1949 c, and Waksman, Katz, and Lechevaber, 1950) It 
was able to kill organisms m the resting as well as m the logarithmic phase 
(Hobby et al , 1949 a) Moreover, above the minimal bactericidal level the 
drug killed off the bacteria irrespective of its concentration or the number of 
orgamsms present, the only difference produced by greater concentrations 
was m the rate at which the bacterial population was destroyed (Schoenhard 
and Stafseth 1953) Substances which affected its activity in solution were 
sodium chloride, disodium phosphate, peptone, and dextrose (Schoenhard 
and Stafseth, 1953, and Gunnison, Kunishige and Jawetz, 1955} The latter 
workers also found that at 4® C the bactericidal effect was maintained as 
well as at 37® C for most bacteria but not for Sir faecahs, staphylococci, 
klebsiella, and E coh 

Resistance 

Although Waksman and Lechevaber (1949) claimed that resistance to 
neomycm could only be mduced to a limited extent, other mvestigators 
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Table 12 Aktibacterial Acnvrry or Neomycin in rirno 


Vnttsorpg per ml inhibiting organism 



« 

t 

t 

AerobeicUr aeroyenes 

0 G25-1 66 


0 62 25 

B anlhracis 

0156 



B siibtiUs 


< 1 20 

0 078-0 312 

Borrelia recurrentts 



0 75 

Brucellae 

031S 5 0 


0 62-50 

Corynebacteria 

0156 

< 1 8 

0 3I2-> 100 

Cl perfnngens 


> 30 

> 100 

B coll 

1 3-50 

1~> 30 

0 31 20 

Enterococci 


8 > 30 


B hxstolyMa \ 



12 6-50 

H tn^uenzae B 

125-26 , 


2 5 

H perfujsw 

0 312 0 635 ! 



hitbs pneuTnontue I 

0 312-0 635 1 

< I 8 

0 31-2S 

Zjepfospira icterohaemorrl agioe 



0 03-1 25 

Listens 1 



0 75 

Mycobacterium I 




H37 Bv 

0 1-1 0 l 



607 (S^M R) ! 

0 25 ) 


0 03-2 5 

7 freshly isolated strains 1 

0 44-0 63) 



A xntnixUulans i 

120-2 5 



Bast pesfvs 

oe'^s 


07 1 25 

Past (ulurensis 1 

0156 



Proteus 

1 26-2 5 

1 >30 

0$2 50 

Ps aeruginosa 

3 54-25 0 

1 > 30 

1 0 62-50 

Salm paratyphosa 

0 64 


1 0 31 20 

^alin tjphosa 

OI-O 74 


' 031 5 

Other s^isonellae 

0 4-0 625 

1 

1 0 62 25 

Shigellaa ^ 

0 25-1 68 


0 31 20 

Staph aureus 

0156-0 74 

' 1 20 

0 3-100 

Str haemoljticus 

1 50 

< l-> 50 

2 0 50 

Str dysentenae 

1 68 



Str pnewnomae 

20 

1 >30 

15 6 

Sir vtndans 


l-> 30 

03 > 50 

Sir faecalis 

1 50 


25-60 

Trichamonas vaginalis 



10(>-> 100 

1 cholerae 



0 07-50 

V comma 

1 25 




Obtained from the data of 

• Itaksman Lechmaher and Harris Hobbj Lenert, and Dougherty 

(1949 a) 
t Clancy (1951) 

J Folaesfeld 'Volini Ishihsra Bachman and Young (]950b)i Ishihara and Fallen 
feld(l949) Warth Chandler and Bliss (1950) 

It 13 assumed that 1 Unit equals 5 fig per ml of acti% e substance 

found that the drug tras able to induce resistance Demerec and Demerec 
(1950) observed the step like pattern of mcreaamg resistance m the case of 
E coh -when exposed to ncomycm Clancy (1951) noted that strains of 
proteua and pseudomonas showed an unusual ability to develop resistance 
to neomycin in vtfro, •while Hsie and Bryson (1950) could regularly produce 
resistance to 200 Units per ml in mycobacteria by increasing the concentra 
tions to •whicli successive subcultures were exposed Yegian and Vnnderlmde 
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(1950) also failed to confirm the absence of acquired resistance in myco 
bactena, as claimed by Waksman and Lechevalier (1949) Haight, Wilcox, 
and Finland (1952) made a study of several bactenal species from this point 
of view In each of them resistance to neomycm was regularly produced in 
contradistinction to the more erratic behaviour displayed to streptomj cm 
Goldin (1953) also observed a stepwise increase m resistance to neomycm m 
Ps aeruginosa which, however, developed slowly compared with that to 
streptoraycm 

Cross resistance Little evidence of cross resistance was observed m E coh 
betv een streptomycm, chloromycetin, and n«wnycm (Demerec and Demerec, 
1950), but strains which had been made resistant to neomycm were more 
resistant to streptomycm than was the origmal stram Thia findmg was 
confirmed by Haight et al (1952) and elaborated to mclude various strains 
of E coh, Klebs pneumoniae, Str pyogenes. Sir mitis, and Str pneumoniae 
This characteristic was not, however, evident when the organisms were tested 
against pemciUm, the tetracjchnes, chloramphemcol, bacitracm, or poly* 
myxin B As purification of the initial product proceeded, the antibiotic 
vas found to contam several neomycins (Swart, Hutchison, and Waksman, 
1949) Accordmg to Hamre, Pansy, Lapedes, Perlman, Bayan, and Donovick 
(1952) both the activity and the acute toxicity of neomycm B and C were 
approximately equal, but little is known, of the action of neomycm A 


Toxicity 

■Unfortunately for its therapeutic effect, it was early found that neomycm, 
vhen admimstered repeatedly to gumea pigs experimentally infected with 
tuberculosis produced degenerative changes in the cortex of the kidnej , 
loss of tubular epitbehum and cellular infiltration which compressed the 
adjacent glomendi and caused their degeneration (Karlson et al , 1050 6) 
In the rabbit, Vogel, Leopold, and Nichols (1951) found that the dry material 
apphed to the cornea produced blepharospasm and lacrimation Tins latter 
effect might possibly have been due to impunties, as the preparation contamed 
not more than 125 Umts per mg In the cat, whereas relatively large doses 
of dihydrostreptomycm or prolonged treatment with this drug produced 
little effect on the cochlea, much smaller doses of an impure preparation of 
neomycm caused severe or complete degeneration of the hair cells of the organ 
of Corti There was, however, httle effect on the vestibular function of the 
animal (Hawkins and Lurie, 1953} Carr, Brown, andPfuetze (1950) probably 
gave the first warmng of deleterious effects in man other than those on the 
kidneys "When the drug was administered to 6 patients in doses of 0 25 to 
1 G 12 hourly for 4 to 7 weeks some temporary mterference in renal function 
was observed m all but m 4 of the patients sudden development of deafness 
appeared m the 4th to 6th week The deafness varied m mtensity, but 
persisted without change even after neomycm was discontmued At much 
the same time Waisbren and Spink (1950 a) earned out chmcal trials of 
neomycm in 63 patients with a number of diseases caused by organisms not 
controlled fay other available drugs Most patients received 0 5 G C hourly 
mtramuscularly, and this dosage was wdl tolerated In 24 out of 32 patients 
with urinary tract infections, but with no other signs of disordered renal 
function, fine granular casts appeared m the urine, and 6 out of 9 who did 
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not have albuimnuria before treitment showed albuminuria during treatment 
The urinary output lessened dunng treatment in patients mth other renal 
signs, but most patients were able to mamtam or increase the amount of 
unne excreted In serial blood urea mtrogen tests carried out in 30 patients, 
16 had average values of 20 mg percent , and 11 of20to40nig percent 
Three only showed a rise in blood urea nitrogen, but in the patient in whom 
there was the greatest increase, the blood urea mtrogen fell agam once the 
infection was controlled Much more senous than these relatively transient 
kidney changes was the onset of deafness m 5 patients In 1 patient impair 
ment of hearing was observed when neomycm had been admmistered for 
8 dajs This was a casein which there was aho a nse m blood urea nitrogen, 
and a fall in urinary output and in which casts appeared in the urine It 
was, how ever, not until 7 daj s after treatment had ceased that she complained 
of difficulty m hearmg Subsequent serial audiograms showed that a progres 
sive nerv e deafness had taken place, but vestibular function remained normal 
Fig 7 shows how, even without a fall m urinary output, with continued 
parenteral admimstration of neomjem the patient’s blood levels can rise to 
a height at the end of a week which maj be toxic to the auditory apparatus 
A second, much older, patient suffering from chronic uraemia also developed 
progressive nerve deafness 10 daj s after a 4 day course of treatment had been 
completed All 5 patients who became deaf had severe renal disease with 
chrome mtrogen retention, or hid at least shown a rise m blood urea mtrogen 
while bemg treated In none of these patients in spite of shortness of their 
treatment, v^as there any sign of subsequent improvement m hearing, as 
judged by serial audiograms Although the deafness did not appear until 
after treatment had ceased, this may have been fortmtou<« for m the pabents 
described by Carr ef al (1950) in whom the issue was not confused by 
concomitant renal disease and in whom treatment was contmued over a 
penod of some weeks, deafness occurred dunng treatment This senous 
deterrent to the sjstemic use of neomycm particularly when other anti 
biotics were already at hand to treat most of the infections which it 
could control, led to its abandonment for systemic uso except in desperate 
cases Its use by topical application vras, however, contmued In this 
sphere it w as found to be admirable no case of irritation from its apphcation 
being seen m more than 200 cases of pyogenic infections of the skin observed 
by Kile, Welsh and McAfee (1950) With increasing use m this field, however, 

2 ffsse cfftitsci geeisfiisstiOft jiss oiserrsd 

(1952) 

Administration 
Parenteral admintslration 

Smee deafness was such aregular occurrence w hen treatment was continued 
for long enough, httle data have been forthcoming on the concentrations of 
neomycm obtained in body fluids after mtramuscular administration 
Waisbren and Spink (1950 a), however, assayed the concentration of neo- 
mycm found m blood serum after doses of 0 5 G had been given at G hourly 
intervals After these repeated dosesvaluesof 10 pg perml were consistently 
found in the serum Duncan, Clan<y, Wolgamot and Beidleman (1051), 
With somewhat lower dosage s<4iemes, found that after 48 to 72 hours, the 
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Fio 7 LeveU of neomycin in aenmi and utum of a patient with pyelonephritis and 
pneumonitis treated erentually with neonycin Though the patient remained siiympto> 
matio throughout treatment and the unne was rendered free of blood cells and organisms 
It can bo seen that, on a fixed dose and in spite of increased urinary excretion, tbo con* 
centration of neomycin in the blood monat^ steeply at the end of a weeks treatment 
(From Duncan, Clancy, Wolgamot and Beidleman, / Amrr med Aif 1051, 145,75) 
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concentrations in the blooti had reached a maximum of 4 to iO Units per ml , 
but if renal function «as at all impaired, the blood concentrations of 26 to 
410 Units per ml were reached m a patient receiving 0 5 G 6 hourly by 
intramuscular injection, and these persisted in the mine for 48 to 72 hours 
after treatment had been stopped, the total amount excreted being some- 
what less than one third of the dose administered 

Oral adimmstraUon 

Like bacitracm and polymyxm, neomycin is absorbed to a very small 
degree through the gut wall Waisbren and Spink (1950 o), with doses of 
2 G 6 hourly by mouth, found only 1 25 pg per ml in the serum Such a 
dosage administered by mouth could be regarded merely as a form of local 
treatment to the alimentary canal 

Local treatment 

Drugs with some toxic effect are mostly used this way Neomjcin has 
accordingly been used largely for akin infections It has usuallj been applied 
in ointments or creams at a eoneentration of 5 mg per G of base without 
causing irritation Local instillations of a 0 5 per cent solution of neomycin 
sulphate have been employed wnlh good effect Holzhausen (1955), KJima 
(1955), and Szabo (1953) used local applications of neomycin, together with 
bacitracm,mvarioussurgical conditions such as compoundfractures, abscesses, 
empyemata, and infected hands, with good effects in the great majority of 
cases treated 


CLINICAL TRIALS 

Amoebiasis 

In experimental trials in. utro, Felsenfeld et al (1950) found that 5 strama 
of E histolytica were inhibited by neomycin in doses of 12 5 to 50 pg per ml 
Acting on this information, ftIcVay, Laird, and Stern (1952) isolated 
Entamoeba histolytica from a case of acute amoebic djwntery and exposed 
it to neomjem in an egg yolk medium With concentrations of 100 to 
1,000 Umtsperml (500 to 6, 000 /ig per ml ) the amoebae had all disappeared 
from the overlay after 48 hours, and with lower concentrations of the drug 
they were much reduced m numbers in spite of the fact that hactena were 
still present MeVay ef al (1952) then treated 6 patients suffenng from 
mild amoebic cohtis with 50,000 Umts (0 25 G ) by mouth every 3 hours 
for I day Following this treatinent,3 patients continued to excrete amoebae, 
after a short mterval when their faeces were free from th eparasites, but 
another 3 remained asymptomatic and free from amoebae for 3 months 
MeVay et al (1952) then treated the 3 patients wlio had relapsed with 
3 times this total dosage given over a period of 12 days at G hourly intervals 
These 3 patients, together with 2 others who were treated along these lines, 
remamed free of amoebae for a follow up penod of 1 to 3 months Since the 
time of this report little attention appeared to have been paid to the effect 
of neomycm on amoebiasis 

A combination ofneomyem with bacitracin was given by mouth to48pati 
ents by Felsenfeld, Kadison, and Ishihaia (1931) The patients experienced 

B rS7S L 
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little discomfort (1 had nausea), and the bacterial counts in tlie stools were 
reduced as early as 4 hours after the first dose Later, stools showed that 
the number of viable organisms had been reduced by a factor of ICP to 10®, 
but after 4 to 6 days’ treatment there was a slow increase in the flora 
These patients, however, became free of amoebae and, durmg 3 to 0 months’ 
observation, 41 had shoivn no relapses 


Bacterial endocarditis 

The first patient with bactenal endocarditis to be treated with neomj cm 
appears to have been a woman described by Duncan et al (1951) This 
patient developed endocarditis after havmg had pyelonephritis and pneu- 
monia Haemolytic Staph aurttis was isolated from her blood, urine, and 
sputum Pemcillm, streptomycin, and chlortetracycline were administered 
intravenously, but the patient, who was in coma, remamed so for 6 days 
By this time it became known that the staphylococcus was resistant to 
pemciUm, but sensitive to neomycm This antibiotic was therefore admim 
stered mtramuscularly at the rate of 185,000 Umts per 24 hours m G hourly 
doses The condition of the patient unfortunately remamed unchanged and 
then detenorated She died on the 10th day of treatment The blood 
culture, although positive 24 hours after neomycin treatment was begun, 
was negative on the 2 succeeding days This patient, who was 03, was 
obviously not a good subject for a chemotherapeutic trial At autopsy, 
although the diagnosis of bactenal endocarditis was confirmed, she was 
found also to have acute pencarditis, an epicardial abscess, oedema, and 
congestion of the bram A more reassuring result was obf amed by Kenoyer, 
Stone, and Levin (1952) Their patient was a young man of 20 with a past 
history of rheumatic heart disease which had produced both mitral stenosis 
and aortic insufficiency The bacterial endocarditis was due to a P« aentgi 
nosa which was found to be insensitive to chlortetracj chne, chloramphemcol, 
streptomycin, and oxytetracychne, but which was inhibited by 0 5jig per 
ml of neomycm When neomycm was given m doses of 0 5 G mtramuscu 
larly every 6 hours, the patient became afebnie and asymptomatic within 
36 hours All subsequent blood cultures were negative Treatment was 
coutmued for 14 dajs only, and although the patient lost his hearing m the 
high frequency range he could still hear the spoken voice Four months later 
he was well and there was no observable change in his cardiac condition A 
second ease of staphylococcal infection also did well with neomycm therapy 
(Reed and Wellman 1953) This case was a pregnant woman who developed 
fever, cough, and dyspnoea for which she was treated with pemcillm, strepto 
mycm, chlortetracyclme, and terramyem without anj effect One week after 
her illness she was dehvered of a stillborn infant of 8 months’ gestation At 
this time the heart was enlarged and there were loud systolic and diastohc 
murmurs at the apex and the base A stram of Staph aureua, which was 
sensitive to between 0 1 and 0 2 neomycm per ml , was cultured from the 
blood Accordmgly,neomycm was given in doses of 0 25 G 6 hourly bymtra 
muscular mjection instead of pemcillm and streptomycm, and thia therapy 
was contmued for 1 week , half this dose was given for the following 4 weeks 
The patient’s response was prompt her temperature was normal m 24 hours 
and remamed so She was able to resume her former activity, showing no 
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Bigns of cardiac failure, although the left \entriclc remained enlarged In 
spite of the low dosage, however, the patient complained of buzzing in her 
ears by the end of the treatment, and there was loss of acuity of hearing 
This loss persisted and was still present when she was examined a jear later 
Thus, although neomycin seems to have been remarkably successful in 
nddmg the blood stream of both staphylococci and pseudomonas when 
these organisms were found to be sensitive to it, its damagmg effect on hearing 
was evident m both cases, 1 having had a high dose for a short course of 
treatment, the other a much lower one'^for a more prolonged course 

Septicaemia 

One case of septicaemia due to Geotnekum was treated by Bendove and 
Ashe (1952) The septicaemia apparently arose from a focus m the lungs, 
for these organisms were also found m the sputum Chemotherapy was 
meffecti\e until the patient was given neomycm Even mth this diaig it 
was 12 dajs before the blood cultures became sterile After the illness the 
patient complained of deafness, presumably due to the neomycm There 
was little reason to believe that Geoinchum, being a fungus, would respond 
to neomycin therapy, but another case had been described by Puncan et al 
(1050) in which this orgamsm was isolated and found to be moderately 
sensitive to neomycm Treatment over 4 days resulted in the urine being 
cleared of the Geolnchum as well as of Gram negative bacteria 

Meningitis 

Pitkowsky, Goldman, and Goldm (1952) tested 36 pathogemc strains of 
pseudomonas against neomycm and found that their sensitivity %n vitro 
vaned between 0 2 and 60 Units per ml , the mean being 2 3 Umta per ml 
With this knowledge these authors felt justified in advismg treatment with 
this antibiotic for an infant with meningitis folloiving an operation for 
a memngocele The pseudomonas was found both m the ventricular fluid 
and, together with E colt and Staph aureus, m the operation wound , it was 
sensitive to 3 12 ^g per ml of neomycin After pemedhn and chlortetra 
cychne had had no beneficial effect on the infant’s condition, neomycm 
was given m doses of 1,700 Units intramuscularly every 4 hours After 12 
days,, the pseudomonas had disappeared from the wound but was still 
present m the cerebrospinal fluid However, 4 days later it had disappeared 
from the cerebrospmal fluid as well The child developed hydrocephalus, 
but this might have been due to the original congenital condition Eight 
months later there were no signs to indicate that the patient had had memn 
gitis Another patient, a young woman, was treated by Knight, Hardy, 
andNegrin (1952 6) This patient contracted meningitis due to aerufftnosa 

after an operation on a hermated mtervertebral disc The wound became 
infected with the organism, but eventually healed and the patient was 
discharged 8 weeks after operation She returned 5 days later complainmg 
of headache, stiff neck, vomitmg, duffs, and fever The cerebrospmal fluid 
now revealed the presence of the pseudomonas Treatment with pemcilhn, 
chloramphemcol, oxytetracycime, and streptomycm m various combmations 
over 6 weeks was of no avail The patient was then given 5,000 Umts of 
neomycin daily by intrathecal injection, together inth 15,000 Units of 
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streptokinase and 3,750 Units of streptodornasc on alternate dajs Keo 
mycm was also administered intramuscularly in doses of 120 000 Umts daily 
On the 9th day of treatment the cerebrospmal fluid was clear and the patient 
eventually made a complete recovery uithout sequelae 


Gastro •intestinal antisepsis 

In this field greater attention has been paid to the changes produced bj 
neomycin m the flora of the gut Waisbren and Spink (lOJOa) were first 
impressed by the disappearance of Proteus morgani from the faeces of patients 
treated with neomycin and Poth, Martin, Fromm Wise, and Hsiang (1951 6) 
made a trial of its effect on other flora Thirty convalescent patients with 
normal gastro mtestmal tracts were each given a low residuediet, 30 to GO ml 
of castor oil and 1 G of neomycm sulphate repeated 4 hourly for 4 doses 
Unfortunately for the results of the experiment, sulphathahdme avas admini- 
stered simultaneously Cultures of the stools after administration of the 
drugs showed no change m 2^ hours, but after IG hours the flora had dimin 
ished m numbers and by the 35th hour only a few j easts could be cultivated 
from the faeces Neither aerobes nor anaerobes could be isolated, but on 
prolonged cultivation a resistant Aerobacier aerogenss was isolated Bj the 
64th hour after the first dose and 23 hours after the last, all the orgatusma 
previously found m the stools had retumed and were present m sinuJar 
proportions Poth et al (1951 6) then earned out experiments on mice and 
dogs Intrapentoneal mjection of human faeces resulted m all the mice 
dymg withm 0 to 24 hours after injection, but if the faeces w ere injected 
at a tune when neomycin had produced its maximum efiect on the bowel 
flora the mice sorvived for periods of time related to the concentration of 
neomycm m the faeces In dogs, if the abdomen were opened and filled 
with a 1 per cent aqueous solution of neomycm before closure, specimens 
collected from the colon were sterile and bowel submitted to surgical proce 
diires healed by pnmary intention Poth and his colleagues (Poth, Fromm, 
Martm, and Hsiang 1931 o) therefore gave neomycm with phthalylsulpha 
thiazole as a pre operative measure for abdominal surgery To 100 patients, 
over a penod of 1 year these authors gave a low residue diet, 30 to CO ml 
of castor oil and, after the first hquid stool, 1 G of neomycm sulphate and 
1 5 G of phthalylsnlphathiazole 4 hourly by mouth This was contmued 
for 3 days At the end of this time the gut was empty and the stools cleared 
of bacteria Various types of bowel resection were earned out for carcinoma 
cohtis closure of faecal fistulae, excision of fistula m ano, and haemor 
rhoidectomy Poth et al (1951 a) considered this preparation ideal for 
securing mtestmal antisepsis Keactions occasionally occurred hut they 
were rare A year later Poth (1952) claimed that 350 cases had by then 
received neomycin by mouth some for as long as 3 months Bacteria were 
ehmmated from the faeces withm 24 hours and although yeasts were apt to 
multiply, no instance of yeast infection, ulcers, or bloody iarrhoea had been 
seen In 10 per cent of these cases Poth (1952) found that neomycm did 
not inhibit Aerobacier aerogenes and for this reason administered sulphatha 
hdme together with the antibiotic m the hope that this would have some 
effect on the resistant bacterium 

Further mvestigations on the influence of neomycm on the intestinal flora 
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inmanivero earned outbyJawetz and Bjennan (1952) Bearing and Needham 
(1953 a) tested the effects of neomyean alone on the bowel flora These workers 
used a combination of JtolG ofneomjcmdaily, uithO'4tol2G of polymyxin 
for 3 to Gdajs In 24 to 72 hours, Ibecoliforms, enterococci, and anaerobes had 
been appreciabl} reduced, onl> jeasts, staphylococci, and chromobactenum 
bacteroidesoccasionallj appeared With the loner dose patients experienced 
no side effects, but nith higher doses nausea and vomiting occurred IVhen 
given by mouth in doses of 1 G everj 4 hours, neom} cm cleared the faeces of 
aerobic organisms nitbm 2 to 3 dnjs in 34 out of 37 patients suffering from 
vanous intestinal lesions In the remaining 3 cases, however, Sir faecahs, 
E colt, and a pseudomonas persisted The presence of these organisms 
suggested that andespread use of (he antibiotic m this manner would tend 
to select the resistant strains and allow them to persist In another endeavour 
to nd the faeces of every type of bacterium. Bearing and Needham (1953 b), 
after a low residue diet and a mild saline purge, combined the admimstration 
of 0 25 G of 0 x 3 tetracycline 4 times a day together with neomycin With 
this therap}' both aerobic and anaerobic organisms disappeared No resis 
tant staphylococci were seen but there were some preliminary experiments 
which indicated that such orgamsms could develop after 5 or more clays’ 
incubation Bearmg and Needham (1953 5) recommended that the dose of 
neom 3 ^m should be raised to 1 5 G 4 hourly on the 2nd da} , in order to 
slenhte the gut before operation Following these studies Pettet, Judd, 
and Bearing (1055) observed the effect of pre-operative preparation of 
patients with neom 3 cin and vnth neomycm combmed vnth oxytetracycline 
A mild purge was again given and the dose of neomycin remained the same 
Sevent} two patients were treated with neom 3 cm and 71 with the 2 anti 
biotics The results did not seem to be very different m the two series 
except for the complication of staphylococcal enterocolitis This appeared 
in 4 patients on the ot)'tetrac 3 chn 6 . neomycin regime and 3 of these died 
Pettet ei al (1955) drew attention again to the likelihood of strains resis 
tant to neomycin appearing should this treatment be continued for long 
periods 

Other workers who made use of neomycin in the pre operative preparation 
of the gut were Mann, Schumer, and Tomusk (1954), Moritseh (1955), and 
Rowlands and Scorer (1955) With preparations similar to those used by 
Pettet et al (1955), Mann et al (1954) operated on their patients within 
24 hours of their receiving neomycm At operation the large intestine was 
found to be contracted and free of aerobes, and there was no sign of irnta 
tion of the mucosa The intestinal contents remained sterile for an average 
of days after operation, thus obviating the necessity of treating patients 
chemotherapeutically after operation In fact m 17 patients who did receive 
post operative chemotherapy w ith several antibiotics, comphcations occurred 
m 6 , 2 of these being due to staphylococcal enterocolitis In an attempt to 
ensure the control of the staphylococcus. Montsch (1955) prepared 11 of his 
patients w ith a combination of neomyran and bacitracm (discussed on p 150) 
With a dose of 0 5 G of each of these antibiotics 3 times a day for 3 days, 
it was possible to rid the intestine of cocci, enterococci, E coh, and clostn 
dia, but with a lower dose the results were uncertain Montsch (1955) drew 
attention to the poor bacteriological results obtamed when there was stenosis 
of the bowel Rowlands and Scorer (1955) compared the effect of 2 different 
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dosage schemes tvith neomycm alone used m the pre operative preparation 
for major bowel surgery Fourteen patients received 1 G hourly for 4 doses 
and then 1 G 4 hourly until the end of the 24 hours Stenhzation of the 
bowel contents occurred more frequently in the second group, but the climcal 
results were similar m both No operation was fatal and there was no intra 
peritoneal infection or wound sepsis No neomycm resistant organisms 
were found Still further work was done in this field by Milberg, Ivazaens, 
Ripstem, and Banowitch (1955) These authors examined the flora obtained 
m rectal swabs from patients on admission to hospital and tested the senst 
tivity of the organisms found to 10 different antibiotics by the disk plate 
method It vas found that the highest percentage of strains (86 per cent ) 
were inhibited by neomycm or chloramphemcol For reasons unexplamed 
these workers then compared the effects of 3 antibiotic schemes in the pre 
operative preparation of 100 patients A cathartic was first given and the 
antibiotics were then administered for 2 to 4 days accompamed by enemas 
twice daily The measures taken and the resultmg effects on the bowel 
cultures were as follows 


heomyein 0 5 G 6 hourly for 2 days 
Cblortetraoycline 0 75 Q 6 hourly for 4 days 


Ao eoits tteriU (rare*) 
10 0 

22 0 

60 30 


From a study of the remaining flora it was found that E colt, protcus, and 
Staph auretia were most commonly found, but it is not stated in which 
group these different organisms were most commonly found, or whether they 
were sensitive to any available antibiotics 
Combinations of neomycm with erythromycm, oxytetracyclme, or carbo 
mycm have also been tned by Prigot, Shidlovsky, Turell, and MarmcU 
(1055 o and 6) Adult patients with no signs of gastro mtestinal lesions 
received 4 G of neomycm daily m equally divided doses for 1 or 2 days or 
the same doses of neomycm and erythromycm No cathartics or bowel 
washouts were given Neomycm alone reduced the number of Gram negative 
aerobes in the stools withm 24 hours, and Gram negative anaerobes and 
aerobes withm 48 hours, but there was no appreciable reduction m the 
number of Gram positive organisms With erythromycm the latter organisms 
were also reduced m number TThe same dose ol neomycm and 0 2 G ol 
oxytetracyclme, or 0 5 G of carbomycin, 4 times a day, produced similar 
results to those obtamed with erythromycm In each set of mvestigations 
stress was laid on the reduction m the number of enterococci produced by 
the combmed treatment Further experiences of Poth (1957) led him to 
consider a combmation of neomycm with bacitracm as the nearest approach 
to the ideal mtestinal antiseptic, provided bacitracm was continued for 3 days 
longer than neomycm He pomted out, however, that after operation, 
durmg the stage of paralytic ileus, admimstratiou of drugs by mouth could 
have no effect on the flora of the gut If there was any risk of contamination 
of the pentoneal cavity, therefore, he placed at operation 200 ml of a 0 5 
per cent solution of neomycm contauur^ 500 Units of bacitracm withm it 
and repeated the procedure at the end of the operation when the first BolaUan 
was nearly all lost When there was a question of resection of the mtestme. 



Chapters NEOMYCIN 151 

the solution was injected through the abdominal trail pre operatively to 
ensure the minimum of viable bactena m the field of operation 30 mmutes 
later After 16 years of practiauig one form or another of intestinal antisepsis, 
Poth was enthusiastic about this method of treatment and claimed that wth 
It convalescence after extensive resection and primary anastomosis closely 
paralleled that from a clean operation such aa herniorrhaphy When bacitracin 
u as considered too expensive, phthalylsulphathiazole provided a good substi 
tute Introduction of neomycin mto the peritoneal cavity, however, carries 
Math it the rjslv of inducing apnoea Middleton, Morgan and Mojers (1957) 
described the case of a man of 75 with a gunshot wound of the abdomen 
involving much of the intestines After partial resGction of the large intestine 
and closure of many perforations of the small intestine a solution contaimng 
2 G of neomj cm was instilled into tho peritoneal cavitj Fifteen mmutes 
after the instillation, when the patient was riveting well with spontaneous 
breathing and WTinkhng of his foreheail his blood pressure fell from 100 to 
10 mm Hg and he ceased to breathe By means of artificial ventilation, a 
levartercnol drip, and mjections of atropine sulphate and neostigmme, his 
breathing was restored but he died 23 hours later in a shock like state at a 
time when the levarterenol dnp could not be started agam quickly Other 
instances, not all fatal, have been desenbed by Webber (1957) Two infants 
died but adults who had 3 and 5 G of neomycin placed in their peritoneal 
cavities survived after suitable restorative measures It would seem adnsable, 
therefore to use neomycin in the peritoneal c&vity with considerable caution 
and not to exceed the amount used with impunity by Poth 

Should neomycin or any combination of neomycin and other antibiotics 
active against Gram positive organisms be used extensively, the possibility 
of resistant strains arising and spreading to other patients cannot be dis 
regarded 

Diarrhoea! diseases 

Diarrhoea due to salmonellae or shigella© m 25 young children was treated 
by De Leon (1955) with 60 mg of neomycm per kg of body weight per day 
divided mto 4 hourly doses The onset of the diarrhoea was sudden and there 
were bloody and mucoid stools In no case was treatment begun later than 
on the 3rd or 4th day of the illness With the treatment described, 21 of tho 
children had recovered clirucally and bactenologically withm 4 days No 
reason was given to explain why 4 children did not respond As the infection 
m 1 case was due to Salm typht and m 3 to shigellae, the cause would appear 
not to have been due to insusceptible bactena A senes of 63 children under 

1 year of age with diarrhoea was treated by Kadison and Borovsky (1951) 
Actmg on the observation made by Young, Yoshimura, and Felsenfeld 
(1950) that neomycm andbacitracm were synergistic m their action Kadiaon 
and Borovsky gave these children tablets contammg 60 mg of neomycm and 

2 000 Umts of bacitracm 6 hourly The infectmg organisms were not knoivn 
but a few children were found to have amoebae m their stools These latter 
cases received twice the routine dose Theaverago duration of the diarrhoea in 
the children receiving the 2 antibiotics was 3 3 da3rs whereas it was 6 4 days 
in those not receiving the antibiotics In view of the doubtful origin of 
tliese diarrhoeas there seems to have been bttle justification for usmg the 2 
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antibiotics, except that if one of them did not act against the causal bacterimn, 
it was possible that the other would In other cases of diarrhoea treated 
uith neomycin, E coh seems to have been mamly responsible Gorzynshi 
andNeter (1953 a) drew attention to the fact that strains of £ coh belongmg 
to sero groups 0 111, 0 55, and 0 26 seemed to be associated ivith epidemic 
and sporadic diarrhoea m infants These authors tested 29 strains belonging 
to these groups and found all of them to be sensitive to neomyem in ulro 
m concentrations of 1 5 to 60 ftg per ml , 7 of these strains grew profusely 
in 100 000 fig per ml of streptomycm On passage through increasing 
concentrations of neomycin and streptomycm, resistance to the drugs 
developed, but not so readily to neomyem as to streptomycm An epidemic 
which ivas thought to be due to E cdi O 111 broke out m the Cluldren’s 
Hospital Columbus, Ohio, and was described by ^Vheeler and Wainerman 
(1954) A dosage of 50 mg of neomyem per kg per day uas administered by 
mouth together uith 35 mg of chloramphemcol per kg per day, and vitamm 
K After this regimenas instituted no further dcathsoccurred mthepaechn* 
tne umt where these children w ere being nursed, but relapses were frequent 
The authors note that there were many resistant organisms in the stools 
after chloramphemcol had been given and they therefore considered neomyem 
preferable Another epidemic m which E ctrft 0 111 B, iras isolated from 
the stools of the patients was described byStulberg, Zuelzer, andNolke (1954) 
This epidemic occurred m a nursery for newly born infants E coh 0 111 
m nearly pure culture was isolated from 24 of these infants, but was not 
found in infants that w ero isolated and remained w ell Dehydration, lethargy , 
an unstable temperature, loss of weight, anorexia, and vomiting accompnmed 
the diarrhoea in half the children Chemotherapy was hmitcd to neomyem 
alone, which eliminated the organisms from the stools, and this was shortly 
followed by cessation of symptoms m the majority of cases Unfortunately 

3 patients died Yet another outbreak of gastro enteritis due to E coh 
0 111, this tune m the Children’s Hospital, Birmingham, yielded to neomyem 
(Rogers, Benson, Foster, Jones, Butler, and Wilhams, 1956) One himdred 
and one babies were either severely lU or earners of this type of£? coh, which 
was insensitive to chloramphemcol, chlortetracyclme, oiytetracyclme, and 
several sulphonanudes includmg phthalylsulphacetamide Neomycin sulphate 
was made up m a fluid mixture with kaolin and suspended m methyl cellulose, 
the daily dose bemg 20 mg per Ib of body weight, which was contmued for 

4 to 13 days In most infants there was a rapid disappearance of the specific 
serotype of F coZi from thefaeces together withan early cessation of symptoms 
or a failure to develop gastro ententis m those who were earners There 
were 4 deaths — from a generalized staphylococcal infection, from meningitis, 
and m 2 who died very shortly after treatment was commenced In the 
others both bacteriological and climcal response was good, relapses occurring 
m not more than 18 per cent E coZ» was agam thought to be responsible 
for an outbreak of epidemic diarrhoea m infants m the Children’s Hospital, 
Cmcinnati This time a different SCTotype, E coh O 127 Bj was imphcated 
(Cooper, Walters, Keller, Sutherland, and Wiseman, 1955) One hundred 
and fifteen of the infants and children had diarrhoea at some time during 
their stay m hospital, and from 44 of them this strain of E coh was isolated 
The onset of the diarrhoea was sudden, with much abdominal distension 
and a pecuhar pungent and musty odour of the faeces Neomyem was 
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given by mouth to 30 of these 44 cases in doses of 6 to 80 mg per kg of body 
\v eight diil^ and continued for 2 to 26 days With such a Aiide range of 
dosage it IS not surprising to find that the E colt uas still present m 12 
patients at the end of treatment Moreover, 4 of these children died, and 
also 1 in ivhom this strain of E colt was not detected Nevertheless only 
2 of the 8urvi\ ors had a recurrence of their symptoms As a prophylactic 
measure, neomjem uas administered to every infant m the viards affected 
by the epidemic in doses of 40 to 50 mg per kg of body weight daily This 
measure vas followed both by a decrease in the mcidence of the diarrhoea 
and in the incidence of E coli O 127 Bg in cultures from rectal swabs This 
strain was found to be inhibited also by other antibiotics, by polymyxin, 
neomycin, chloramplienicol, tetracycline, and oxytetracychne m descendmg 
order of efficacy 

Liver disease 

On the assumption that toxic mtrogenous substances, particularly am 
morua and amines, responsible for hepatic coma are derived from the small 
intestine, neomycin has been employed to counteract their effect In the 
cirrhotic patient the small intestine contrary to that of the normal person, 
harbours an abundance of orgamsms, jiarticularly coliforms, which break 
doMTi proteins and amino acids with the liberation of ammonia and amines 
v\ hich are then liberated into the blood stream without change by the diseased 
liver Because of its bactericidal powers and of its small absorption from the 
gastro intestinal canal neomycin was considered a suitable agent for prevent 
mg their formation Tw enty patients, 12 m acute hepatic coma and 8 suffermg 
from chronic portal sjstemtc encephalopathy, were given 4 to 10 G daily by 
mouth by Dawson, McLaren, and Sherlock (1^57), together with complete 
inthdrawal of protein, and the giving of enemata and blood transfusions in 
acute cases A limited constant daily protein intake was prescribed for 
chronic cases Under treatment the fasting arterial blood ammonia level 
fell gradually m the chrome patients with a disappearance of fetor hepaticus 
and an improvement in the electroencephalogram The effect on the stool 
flora was, hoivever, variable and could not be related to the clinical benefit 
Acute cases improved from deep coma to mild confusion or to normal men 
tality In the more chronic condition the benefits from neomycin could only 
be depended on while the druji was bein^ administered — symptoms returned 
in 2 patients when it was discontmued after 4 and 10 months Similar con 
elusions were reached by Fislier and Faloon (1957), the venous amraoma level 
was reduced to normal mil out of 12 patients with cirrhosis and neurological 
and mental symptoms improved Stool cultures, however, became sterile or 
grew only urease negative organisms Like Dawson ef al , Fisher and Faloon 
found these changes depended on the continuation of administration of neo 
mjem, the blood ammonia level namg promptly when it was discontinued 

Urinary infections 

Forty of the 63 patients treated by Waisbren and Spink (1950a) were 
suffering from infections of the gemto-unnar^ system Most were chromcally 
infected and the test of the antibiotic was therefore a severe one "Waisbren 
and Spink (1950 a) dehberately chose cases where E proteus was cultured 
from the urine, as this organism is particularly difficult to eradicate by other 
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antibiotics, and bacteriological studies gave some hope that it w ould respond 
to neomycin Seventeen patients T»ere therefore chosen and treated with 
0 5 G of neomj cm 6 hourly by mtramuscular injection for 3 to 8 days The 
urine uas sterilized m 13 of these, but m 3 Ps aeruginosa uas subsequently 
isolated, ^\hlle in 1, B proleus persisted In this last case tho presence of 
foreign bodies m the shape of bilateral ureteral catheters militated against 
the ehmmation of infection Prom tho urine of another 11 patients, Ps 
aeruginosa uas cultivated, and in 9 of these the urine uas sterilized by neo 
mycin even \\ hen other Gram negative organisms u ere present in addition to 
the Ps aeruginosa Four cases of infection uilh E eoli ucre successfully 
treated In 8 patients infected anth A aerogcncs the urmc uas stcrilizcfl, but 
Ps aeruginosa appeared later in 1 of these cases and y streptococci in another 
Another senes of patients described m detail ucro those of Duncan et al 
{1951) These authors, like Waisbren and SpmL (1950 n), chose cases in 
uhich the infecting orgamsms averc insensitiae to other therapeutic agents 
but were sensitive to neomycin as shoivn by the filter paper disk technique of 
Bondi, Spaulding Smith, and Dietz (1947) Tlicse cases had pyelonephritis, 
prostatitis, and cystitis, or cy’stitis uitli calculus formation The infectmg 
orgamsrasfoundintheurineofthcsepatientaucre^ acrogenea,E wh, para- 
colon bacillus, cohforms, coliforms together \nth Ps aeruginosa and, m 1 
ca«o, a staphylococcus The treatment vaned somewhat In the Ist case the 
doses were initially 20 000 Umts 4 hourly, but they w ere soon raised to 40,000, 
80,000, and finally 100 000 Umts C hourly This latter dose was adopted for 
the next 3 patients, but was subsequently reduced to between 80 000 and 
60,000 Units 0 hourly These lower doses appeared to be as effective as tho 
higher ones except in 2 patients, one who m addition to the kidney disease, 
had pyaemia and staphylococcal endocarditis and for whom no dose was 
likely to be curative, and another vnth calculi in the kidneys Irrespective of 
the dose up to 100 000 Units 6 hourly, neomycm was not able to clear the 
urme of pus or of streptococci or Ps aeruginosa In contradistmction to tho 
findin gs reported by Waisbren and Spink (19o0 a), Duncan el al (1951) found 
that most strains of proteus and of Ps aeruginosa show ed mcreasingresistance 
to neomycm while under treatment with this drug In spite of this draw back, 
it was the cases with urmary tract infections who most consistently improved 
under neomycm treatment (Wolgamot and Duncan, 1950) 

Other workers who used neomycin in the treatment of urmary tract infec- 
tions were Nesbit, Dodson, and JIackmney (1952), Ferguson and CJarron 
(1954), who confined their studies to the treatment of non specific urethritis , 
Komer and Jepsen (1955) and Cox, Soanes, and Lowry (1955) I»esbitf/al 
(1952) gave a low dose of 0 25 G intramuscularly every 6 hours for a maxi 
mum of 5 days In 12 out of 18 cases the urme was sterile by the end of 
treatment and remamed so m 8 of these cases for 1 week to 9 months In 2 
cases a different set of orgamsms appeared durmg treatment, and no change 
was observed m 3 cases (In the 18th case, no orgamsms were found m the 
smear, and cultures were not done ) In the cases which responded the result 
was prompt, and pyuria had markedly diminished m 24 to 48 hours With 
this small dose there was httle evidence of toxicity , granular casts appeared 
temporarily m 3 patients but these disappeared at the end of treatment One 
patient suffered from severe nausea and vomiting, and the neomycm was 
discontmued after 2 G had been given, but there w as no mention of deafness 



Chapters NEOMTCIN 155 

In another patient with chronic pyelonephritis and pyelo ureterocystitis, 
small doses of neoraj cm were administered at varying intervals over a period 
of a year •without producing lU effects and mth marked rehef of symptoms 
This patient was described by Cos et al (195a) The infecting orgamsm was 
A aerogtnts ivhich persisted in spte of treatment ^vith various other anti 
biotics Itwas, however, inhibited by 2 /ig per ml of neomycin and also by 
streptomycin A course of neomycin m doses of 0 5 G twice a day, and 
dih) drostreptomycin with streptomycin in doses of 1 G each daily, was 
given for 1 week Withm 48 hoars there was no microscopic pyuna and the 
pam bad subsided Neomycin wascontmuedmdosesof025G twiceaweek 
and at a later stage once a week for C weel^ In spite of this rather lengthy 
treatment, recurrence took place 17 days after neomycm treatment was 
stopped, but this recurrence was cleared up after I dose of 0 5 G In the 
foUo^vmg 10 months 6 mild recurrences were treated similarly, the organism 
on each occasion being A acrogenes One dose of 0 25 G of neomycm cleared 
the pyuna and stenhzed the urme each time The A aerogenes remamed 
moderately sensitive to neomj cm durmg the therapy When cystoscopy and 
retrograde pyelography were earned out the cystic lesions were found to be 
much reduced the blood urea nitrogen was normal An audiogram revealed 
a 12 to 15 per cent bilateral loss of hearmg for high tones but hearmg of the 
spoken voice ■was not impaired How useful neomycm can he m refractory 
infections of the urinary tract was brought out by Niebel and Rosenberg 
(1056) Tlie 31 cases they chose to treat were all severe, the responsible 
orgamsms hemg Grim negative and resistant to other agents Some had 
obstructive lesions and in others there was renal damage to a varying degree 
Niebel and Rosenberg prescribed 05G every 12 hours for 6 days, finding 
this to bo a relatively safe dose The drug was well tolerated ivithout gross 
neurotoxic effects or side effects such as diarrhoea, itching, dizziness, head 
ache, or nausea Transient proteinuria with granular casts appeared m 6 
patients, but did not necessitate discontinuing treatment Nevertheless -with 
this dose the unne in each patient returned to normal either during treatment 
or immediately after it 

With the increasing resistance shown by bacteria to antibiotics m the past 
few years it is satisfactoiy to know from Roantree and Rantz (1956) that 
among 1,698 strains isolated during the 2 years of 1954 and 1955 neomycin 
was still the most active antibiotic ayainsti? coil, and theparacolon baciOus^ 
proteus and aerobacter groups of organisms Pseudomonas, however, was 
seldom inhibited by 10 /ig per ml Thoughit was not possible to expect per- 
manent cure m patients suffmng from chronic and obstructive conditions 
yet, acting on their knowledge of the susceptibihty of the infecting organisms, 
Roantree and Rantz treated only those infections 'where the bactena were 
sensitive to neomycm With miraznuscular injections seldom amounting to 
more than 1 G daily, the first cultures after treatment showed no growth in 
15 of their 20 patients, Fs aeruginosa persisting or appearing in the others 
Fall in temperature and rehef of symptoms -were usually prompt In these 
patients there were no signs of toxicity and protemuria appeared in 1 only of 
the 11 patients who did not give evidence of it before treatment Thus, with 
a dose limited to not more than 1 G a day for 5 days, these two pairs of 
workers demonstrated both the small ndi. of administering neomycin and its 
rapid and powerfid effect on susceptible infections 
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Cystitis and non specific ureihntis 

Local applications of neomycin were used for the treatment of non specific 
urethritis and cj stitis by Ferguson and Catron (1954) and Korner and Jepsen 
(1955) Ferguson and Carron instilled 10 ml of a 0 5 per cent solution of 
neom} cm sulphate mto the urethra in 65 patients who had not responded to 
other chemotherapy The solution was kept in the urethra for 20 mmutes and 
the process repeated if necessary up to 7 times Fiftj-nine of these cases 
showed defimte improvement or complete elimination of the discharge 
Korner and Jepsen (1955) used a combination of neomycm with bacitracin 
for instillations mto the bladders of 12 patients confined to bed mth chrome 
cystitis The instillations, hou ever, n ere not very effective, and mtramuscular 
mjeetions of 0 25 G of neomj cm twice daily were given for 5 days In 5 out 
of 7 patients so treated the urme became sterile and the s3'mptoms dis 
appeared 

Infections of the skin, and burns 

Kile, Welsh, and McAfee (1950) treated skm infections bj topical applica- 
tion of 5 mg of neomycm per G in omtment or in a Mater miscible base 
More than 200 cases of impetigo, furunculosis, sycosis, and infectious eczema 
toid dermatitis were so treated Ko case of irritation was found to be due to 
neomycm, and in the majonty of cases the results were considered to bo 
superior to those achieved bj any previous preparation When 005 cases Lad 
been treated, Kile, Rockwell, and Schwarz (1952) made another report 
Sumlar preparations were appbed 3 to 5 times a day m a series of skin condi- 
tions which noM included otitis externa, herpes simplex, secondary pyogenic 
infections, hydradenitis suppurativa, non-specific granuJoma, acne vanoli 
formis, perleche, stasis ulcers, burns, infected sebaceous cj sts, and dermatiti" 
repens It was not to be expected that umforroly successful results would bo 
achieved The number of cases showing marked improvement Mas 217, and 
most of th^ were infective dermatitis, impetigo, and secondarj pyogenic 
infection. When bacteriological examinations Merc earned out on a simple 
of these cases, it was found that marked improvement occurred m infections 
due to haemolytic Staph auretts, haemolytic streptococci, staphjlococci, 
and Ps aeruginosa m that order of frequency Infection Mith pseudomonas 
alone was not improved by treatment Kile (1953) then tried usmg a 0 5 per 
cent preparationofneomycm together with hjdrocortisone as a prophylactic 
measure against infection m skm conditions The best results were obtained 
in cases ohviouslj mfected with bacteria The majority of cases Mith contact 
dermatitis, atopic dermatitis infectious eczematoid dermatitis, pruritus am 
(1 case), djsidrosis, and sehorrhocic dermatitis did well, but no improvement 
resulted from the apphcation of either neomycm or cortisone m cases of lichen 
simplex chromens, lupus erythematosus, psoriasis, alopecia, hchen planus, 
pilomdal cyst, perleche, stasis dermatitis, pustular eruption in palms and 
toes, Fox Fordyce disease, lichen sclerosis and atrophicus, insect bite, sarcoid 
and nuchal dermatitis Livmgood, Kmg, Stevenson, and ilulhns (1952) also 
used neomycm sulphate m a concentration of S mg perG of petrolatum and 
lanolm base or m concentrations of 1 to 5 mg per ml m aqueous solution 
used as a compress or soak for pjogemc infections of the skm or for bums 
Cunouslj enough m nearly 200 lesions m nludi the infecting organisms Mere 
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tested for their sensitivity to neomycin, the majority of staphylococci were 
inhibited by 0 4 /tg per ml or less, but very few haemolytic streptococci and 
no protens or pseudomonas were so sensitive Like Kile (1953), these authors 
found that tho majority of lesions with purulent infections responded to treat- 
ment In the treatment of burns, luvmgood ei al (1952) did not find neomycm 
superior to other antibiotics in controlling infections due to Gram positive 
organisms, but found it preferable for cases mfected with proteus and 
pseudomonas A number of other workers have pubhshed the results of their 
experiences with neomj cm in the treatment of skm infections, among them 
being Forbes (1933), Church (1954), Caldwell (1954), Peterkm (1954) The 
results of trials with a combination of neomycin and bacitracin were pubhshed 
by Gade, Komer, and Sylvest (1953), Montgomery and Montgomery (1953), 
Perdrup (1953), and Rattner and Rodm (1952) A combination of neomycin 
avith gramicidin was used by Leshe and Harvey (1954) It is with difiiculty 
that any distinction can be made in these reports betw een the relative merits 
of neomj cm alone or in combmation with another antibiotic That neomycin 
is not free from aide reactions has been demonstrated by Peterkm (1954) and 
Goldberg (1957), and it does not prevent the supervention of momhasis on 
rare occasions (Forbes, 1953) In 1953-4 there was httle to choose between 
the effects of neomjem and cblortetracychne (Caldwell, 1954), but the much 
more widespread use of chlortetracycUnc smee that time may have weighted 
the scales in favour of neomycin When the reports of neomycm used m com 
bination with another antibiotic are considered, the combmation of neomycm 
witli bacitracin seems to be superior to neomycm with gramicidin The 
former combmation has not been epphed very widely, but it has the advantage 
of being effective agamst a wnde range of bacteria and of kdlmg rather than 
merely mhibiting the bacteria m attainable concentrations Response mth 
this combination should be rapid and should therefore provide less oppor- 
tunity for sensitization to occur than m the case of prolonged treatment 

Infections of the eyes 

Neomj cm sulphate m a concentration of 6 mg per G of omtment base was 
used bj Lopez (1954) This author treated 36 cases with superficial infections 
of the cj es When these were acute and bacterial m origin, improvement was 
observed in 2 to 5 days, but catarrhal conjunctivitis, not associated with 
bacteria, did not respond to treatment and continued for over a week Chrome 
conditions did not respond as rapidly as the acute bacterial infections, but, 
even bo, -when bacteria vere isolated, and they were mostly staphylococci, 
improvement occurred m time 

Infections of the ear and nose 

A senes of infants and children with otitis media, mainly caused by Ps 
aeruginosa, m ere treated with local applications of neomycin by Lazar, Goldin, 
and Auerbach (1952) In association with otitis media, these children were 
also suffering from infections of the lungs, skm, or unnary tract due to the 
same organism Neomj cm ii as therefore also administered m doses of 1 ,500 
Umts intramuscularly every 4 hours Good results were reported and there 
were no ill effects Local apphcations of the drug in a concentration of 
200 Umts per ml were also used with beneficial effects At a later date, Lazar 
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and Goldm (1955) relied only on local applications m Tvliich ncomyan was 
comtmed with gramicidin, the antihistammic thonzylanune hydrochloride 
and a decongestant, phenylephrine All these constituents were incorporated 
with a catiomc surface active agent, thonzomum bromide, in an aqueous 
solution The preparation was found to have bactericidal powers tn tilro 
against a number of different ^>eeies, both Gram positive and Gram negative, 
without bemg imtatmg to inflamed tissues It was used as a spray for 124 
patients with nasal conditions such as rhimtis, maxiUaiy smusitis, chronic 
nasopharyngeal catarrh, coryza, ‘influenza*, and hypertrophic rhmitis From 
at least half of these conditions a bacfenmn was isolated The rehef ex 
penenced by H3 of the patients after application of this preparation could 
hardly have been altogether due to the decongestant action of phenylephrine 
Two hundred and eighty two patients with various types of otitis externa and 
media were also treated, of whom 88 7 per cent experienced rehef or dis 
appearance of signs of infection 


CONCLUSION 

AH these antibiotics mth some toxic effects have two great advantages 
they are bactencidal and they do not appear to harm superficial tissues or the 
linings of cavities One is tempted to adnse that their use be banted to local 
appbcation and oral administration, but uhen all other Llely agents have 
been given a fair tnal and the patient is in danger of losing his life, the 
consideration of whether the kidneys or the hearmg may sufTer from the drug 
does not weigh so heanly The drugs of this group 'nhich have shown that 
they can be used with caution for a short time parenterally are bacitracin, 
polymyxm B or E, and neomycin The doses advised are as follows 

Eftcttractn 80,000 Units per 34 hours not more than 100 000 Umta per 

24 hours 

PoI>inyxui E 2 5 mg per kg per 24 hours, not more than 4 8 mg per kg per 
24 hours 

Neomycin 0 25 G 6 hourly, not more than 0 5 G 6 hourly 
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ANTIBIOTICS ACTIVE AGAINST 
PROTOZOA, FUNGI, OR NEOPLASTIC 
CELLS 

Fl73rAGrLLI>, AMSOWCIV, PUBOMYCIV, IflSTATIX, ACTIDIONE, 
THE AMPMOTERIClhS, THE ACTINOMYCINS, SARKOMYCIN, 
AMlCETt^ 

FUMAGILLIN 

P repared from Aspergillus fumtgatus by Hanson and Eble (1049), fuma- 
gillm Avas found to be amoebtcidal in very high dilutions, but it had Lttle 
antibacterial activitj It had been obtained in a crystalline form by 1951 and 
iras considered to be a monobasic acid (Hrenoff and Nakamura, 1951) It 
Avas found to kill amoebae in dilutions of 1 10 miUion and even at con 
centrations of 1 130 million (McCowen, Callender, and Lauhs, 1951)) No 
associated bacterial groAAth Avas influenced by the antibiotic Trials tn vtlro 
bj Balamuth (1953) mth other atnoebae-^nfamocfcccoh, Dieniamoebafragths, 
and £ruiolmax natux — shoired that lumagiUm iras the onlj amoebicide as 
effective as emetine against these protosoa KiDough, Magill, and Smitli 
(1952) also observed an action on E colt, Qiardia lamblta, Chtlomastiz mtsntU, 
and lodamoeba buetschht 

Trials tn tito m rats, rabbits, and macaque iQonke3B infected Avith E 
histolytica shoAred that the stools of all these animals Avere rapidly cleared of 
amoebae, but in the monkejs the amoebae reappeared Aiithin 4 to 12 weeks 
of treatment (JIcCowen et al , 1951 , HreooB' and Nakamura, 1951) Fuma 
giUm was vnthout effect on Sptrochaela novyx. Trypanosoma gambiense, and 
Trypanosoma equiperdum m mice (McCoAven et al , 1951), nor did it affect 
Schistosoma haematobium, Ascaris lumbricoides, AnLylostoma duodenale, 
ifw-TfTA'avfa’W’, 

Its tovicit}*’, as judged by its effect on mice, uas slight, the LDjg by sub- 
cutaneous mjection being 800 mg per kg and, when given by mouth, 2 G 
per kg were tolerated In man — 10 volunteer students — doses of 10 mg , 
increased gradually to 100 mg , daily were tested Anorexia Avas produced 
when doses of 30 mg were reached, nausea and abdominal discomfort Acith 
70 mg , and mild vertigo m most subjects when the dose exceeded 00 mg 
(JIcHardj’, Bechtold, Welch, and Browne, 19^) 


CLINICAL TRIALS 

These began A^hen Killough et al (1952) treated 22 male patients m the 
United States Naval ^ledical Research Umt at Cairo Each patient received 
between 5 and 50 mg dail3’ m divided doses for 2 weeks In pitients AAith 
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mild symptoms due to L hiatoliftiat, the organism disappeared from the 
stools avithin 48 hours, but the follow up was not long enough to make sure 
that no relapses occurred Few lU effects from the drug were noted Two 
patients takmg 60 mg daily complamed of dizziness and 4 others lost their 
appetite but had no nausea Another trial of 134 ambulatorj patients with 
E hialolytica, showing cysts or trophozoites in their stools, was conducted by 
McHardyetfll (1953) The jiatients were considered to have recovered when 
their stools were free from E histdhjltca when crammed 3 times at monthly 
mtervab, and when there was radiological evidence of the healmg of ulcers 
On this critenon 64 cases recovered Of these, there were 12 who had had 
acute ulcerative cohtis and 18 who had had the chrome illness In some 473 
other cases treated by various workers^ m doses which amounted to 20 to 
200 mg daily, therapeutic results did not differ w idely, except in the cases of 
Elsdon Dew Wilmot and Armstrong (19o3), but the unpleasant side effects 
increased with the dose The duration of treatment lasted usually between 
10 and 14 days but, on occasion, courses were repeated when E htatolytica 
reappeared m the stools With careful attention to the patients’ treatment 
it seems possible to rid the stools of these protozoa m 00 per cent or 
more of cases (McHardy, 1954, Portilla, Becerra, and Ruiloba, 1054, 
Schindel, 1954 and Mentasti and Grassi, 1955) Nevertheless it is well to 
bear m mmd that doses of over 10 mg 3 times a day are liable to produce 
malaise, dermatitis which maj not be severe m itself but which leads to des 
quamation of hands and feet, abdommal pain, anorexia, nausea, and/or 
nervousness leading to loss of sleep 

Fumaglllla with other antibiotics 

Fumagtlhn and the (eiracycUnes 

Results of treatment of several hundred patients m a Umted States Public 
Health Service hospital were reported by Terry and Spicknall (1955) These 
authors had come to the conclusion that the best results were obtained with 
one of the tetracyclmes which can only be depended on to eradicate amoebae 
indirectly, together with an amoebicide, emetine hydrochloride bemg the 
drug most favoured Nevertheless fumagillin was used in 17 asymptomatic 
earners and 13 patients with symptoms, the dose bemg 10 mg 3 times dailj 
for 14 days The stools became negative mall patients andremamed so for 16 
weeks m 15 patients for longer still With the low dosage used, no serious ill 
effects were produced by the treatment Shafei (1955 6) also used both anti 
biotics together m treatmg patients with acute dysentery and found that, 
although tetracyclme given for 10 days cleared the diarrhoea in a shorter tune 
than tetracyclme together with fumagdlm, the later combination left fewer 
cysts m the faeces after treatment No recurrences had occurred up till the 
time of reportmg 

Fumagilhn utth erythromyem 

Jung Garcia Laverde, and Katz (19o5) treated Panamanian school children 
with one or other or both of these antibiotics and compared the results 

I Black Terry and Spicknall Elsdon Dew ttilmot and Armstrong {1953) 

Killough and llagill (1954) McHardy (1954) McQuiddy (I9a4) Mentasti and Orasai 
(19o5) Pinto and PezzuUo (1955) Portilla Becerra and Riuloba (1954) Sehmdel 
(1954) Thoons and Kessel (19o3) 
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With cTj-throrajcm (100 mg daily for 7 dajs) E histolytica disappeared m 
33 out of 39 patients , and when the 2 dmgs were used together E histolytica 
disappeared in G2 out of 63 patients These results merely serve to show that 
a combmation of the 2 antibiotics had as good an effect as erj'tliromycm 
alone It does not give an indication of whether the infection was eradicated 
over a period of some months more effectively by the 2 antibiotics than by 
1 antibiotic alono Anderson, Nelson, Carbono, and Diaz (1955) also found 
that m a small number of patients the use of erithromyem together with 
furaagillin made little difference to the outcome of treatment, although the 
results shghtly favoured erythromycm 


ANISOMYCIN 

This antibiotic was announced first by Sobin and Tanner (1954) The 
activity in vitro of amsomjcin avaa tested by Lynch, English, Bauck, and 
Dehgiams (1954) Amongst 40 different micro organisms against which the 
antibiotic was tested, tliose of greatest interest m human disease were E 
histolytica, which was inhibited by 1 56/ig per ml , T ivyinaUs and T foelvs, 
which were inhibited by 1 50 to 3 21 ftg per ml , and Candida albicans, which 
iras inhibited by 1 50 to 12 5 #ig per ml Bacteria, including Slaph aureus, 
Sir faeeahs, mycobacteria and Gram negative organisms, all required more 
than 100 pg per ml for inhibition, whereas pathogemc fungi needed 100 to 
more than 500 Jig per ml Although bacteria were beyond the range of the 
effective activity of amsomyem, the sensitivity of tnehomonads and even of 
E histolytica to this clnig was many times greater than to the tetracycimes, 
erythromycin, or fumagilhn, or to other drugs Anisomj cm w as even found 
to kill T tdgtnalte at a concentration of 3 12 pg per ml , and remamed lethal 
at this concentration in spite of variations m the size of the inoculum (Lynch, 
Holley, and Salmirs, 1955) 

Protective trials in mice infected subcutaneously with Tnchomanas foetus 
showed that the antibiotic was capable of clearmg the ammals of infection 
provided that treatment was begun immediately after infection and contmued 
for several days (Lynch, English, Momson, and JIaven, 1954) The toxicity 
of the antibiotic was not high, the LD^^, for mice by oral or mtravenous 
administTation being I4'0to I48mg per kg of body weight Hats showed no 
chronic toxicity when fed up to 50 parts per milli on of amsomyem for 33 
weeks, and monkeys tolerated up to 04 mg per kg daily by mouth over more 
than 6 months Ibe only ill effect observed was occasional vomiting and 
diarrhoea in the group of monkey’s receiving the highest dose — 64 mg per kg 
(Gardocki, Timmens, Wilson, S^eigren, Hettinger, and P’an, 1955) 

The only clinical trial brought to tb© authcff’s notice w as that of Armstrong 
and Santa Blaria (1955) These wwkets treated 88 married women suffering 
from leucorrhoea or pruritus vulva© due to trichomonads Two 1 mg tablets 
of amsomyem were mtroduced 3 times weekly mto the posterior forms and 
directed to the right and left of the vaginal vault The procedure was con 
tinned for 2 weeks Durmg this time, and 1 week after the final application, 
vagmal smears were esammed for trichomonads By this tmie results could 
be summarized as follows 
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2 specimens free of tncho 
monads 

A reduction of tnchomonads 

Xo essential change m num 
bers of organisms seen in 


Ao of cases at lime from treatment 

3 days 1 u-eel A fler 

A’o of after after next 

eases On Slh day treatment treatment menelruation 


Total cases seen 


77 76 


30 02 


As regards clinical effects, 47 patients were relieved of their leucorrhoev or 
pruritus, a similar proportion to those who showed reductionm the number of, 
or elimination of, the tnchomonads Local reactions were mimmal If no 
other remedies were available for this distressmg condition, no doubt aniso 
mycm would be a useful Ime of defence, but the method of apphcation is not 
convement, nor is the outcome sure, so that patients are not likely to be 
willing to undergo treatment unless other methods have faded 


PUROMYCIN 

Puromycin, known by the trade name of Slylomycm, had the unique 
advantage of not only arresting the growth of trypanosomes but also of being 
able to kill them It was prepared from Sirtpiomyees albo mger by Porter, 
Hewitt, Hesseltine, Krupka, Lowery, Wallace, Bobonos, and Williams (ldo2), 
who first called the antibiotic acluomycm Trypanosoma equiperdum and 
Trypanosoma cruzt were both controlled by its action (Hewitt, Wallace, 
Gumble, GiU and Wilhams, 1953 , and Pizza, Prager, and Kmenm, 1953) 
Work on Its effect m experimental infections was earned out by He^vltt, 
Gumble Wallace, and Williams (1935) Mice were moculated intrapentoneallj 
mth a sahne suspension of these organisms and treatment was begun several 
hours after the inoculation These workers considered that the mechanism of 
action of the drug involved an mterference vith the synthesis of nucleic acid 
or nucleoprotem Further experimental work, confined to tr^anosomes, 
was conducted bj Trmcao, Nogueira, and Franco (1955) These authors 
found that single doses administered to mice shortly after moculation faded 
to prevent development of the infection, but when the doses were repeated 
dady for 10 to 12 daj’s infection did not develop It was abo noted that the 
successful use of puromyem seemed to be closely related to the internal of 
time between moculation and adminuitratioti 

Besides trypanosomes, Gumble, Hewitt, Taj lor, and Wallace (1956) tested 
the drug m infections wth oxynnds or tapeworms, using mice as the hosts 
By feedmg the naturally infected ammab with 100 to 500 mg of the drug 
per kg of body weight, a demonstrable reduction m the number of parasites 
was achieved, compared with controb This applied to AspicuJans, Syphaaa, 
and Hymenolepis Puromyem was also found to have anti protozoan activitj 
Experiments showmg its action against toxoplasmosis were carried out hj' 
Christen and Thiermann (1953) and Ejlesand Coleman (1954) Its araocbi 
cidal effect was demonstrated hj Tajlor, Sherman, and Bond (1954) 
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CLINICAL TRIALS 
African Sleeping Sickness 

Early chmeal trials ^ere begun by Tnnc4o, Franco, Nogueira, Pmto, and 
Muhlpfordt (1955) Fifteen patients suffering from African sleeping sickness 
in Portuguese Guinea u ere selected for tnal T ffamfiteitse was isolated from 
all of them Puroraycin u as admimstered m a dose of 0 25 G by mouth and 
repeated daily for 7 to 10 days As far as the early results were concerned, 
trypanosomes were no longer found in gland juice 24 to 48 hours after treat- 
ment began Six months later 11 of tlie origuial patients remamed free of 
infection but 4 had relapsed , all of these had had changes m the cerebrospinal 
fluid There were some unpleasant consequence of therapy occasional mild 
headache, nausea, romiting, and somettmea diarrhoea When the patients 
had been observed for 17 months Trmcao, Franco, Nogueira, Pmto, and 
Muhlpfordt (1956) found 10 who had been consistently free from trypano 
somes throughout the period, 4 relapses had occurred, and the 15th patient 
contmued to have abnormal findings m the cerebrospmal fluid 


Amoebiasls 

Wilraot (1056) tested the effect of puromycm on amoebic dysentery and com 
pared the effect ivith that of the tetracyclines Having the ^ican population 
around Durban, South Africa, where the disease is endemic, to draw on, there 
was no difficulty in collecting cases Twenty one to 51 patients were selected 
for each treatment Those receiving puromycm were given I 6 G daily, 
whereas those receiving the tetracyclines were given 1 G daily IVhen assess 
mg the results by sigmoidoscopy and microscopic examination 27 days after 
treatment began, Wilmot concluded that the tetracyclmes were definitely 
more beneficial than was puromycm He summarized his results as follows 


Etsulla oj treatment 

Numbe of cases 

Syroptomlree, ulcers healed no 
amoebae 

Ulcere not healed no amoebae 
iiuod ^ 

Open ujceration, and tropho 
zoites present 

U]oe« healed cysts still in 
stools 

Clzmca) detenoration, removed 
from trial 


Type of treatment and number of caste 


Chlorietra 

cycline 


Oxyieira 

cyelme 


Tetra 

cycline 


Puro 

myctn 


Another trial by Alvarez and Moreno (1956) m which patients were treated 
either mthpuromycm—lO mg perhg body weight per day— or with puro 
mycm and tetracyclme — 250 mg of each every 4 hours — showed that puro 
mycm could clear the cysts from the stools but it required the addition of 
tetracyclme to enable heahng of proctitis and trophic ulcers to take place 
Hepatic abscesses with either series had to be dramed before healing took 
place No toxic effects were noted and no effect m the faeces on other 
parasites associated wilh amoebiasis 
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Neoplastic disease 
Since the mode of action of puromycm and its analogues appeared similar 
against trypanosomes and mouse adenocarcmoma, it seemed reasonable to 
try its effect on neoplastic disease in man Fifty one patients were chosen by 
Wright, Dolgopol, Logan, Pngot, and Wnght (1955) These were all suffenng 
from advanced, dissemmated neoplastic disease so that the trial was a severe 
one The dose of puromycm given ivas 0 25 to 0 76 G by mouth daily 
Following 21 days treatment there was a slight but temporary regression of 
the tumour in 15 patients only, but there was no change m the progressive 
downhill course of the disease The patients were not only unreheved but 
also suffered from nausea, vomitmg, or diarrhoea until the treatment ceased 
From the foregomg summary the outetandmg change mtrodueed by puro 
raycm would seem to be the effect on trypanosomiasis For the other condi 
tions mentioned, except perhaps oxyuriasis which has not been tested 
climcally, either there are other antibiotics which are better therapeutic 
agents, or the drug has httle or no effect 


NYSTATIN 

Fungicidin, known by trade names as Mycomyetn, Mycostatin, Mysiechxn, 
andFun^td^ahn, or, as it was called later, nystatm, was described by Hazen 
and Brown (1950) It nas obtamed from SiTeptomyces noursn (Dutcher, 
Boyack, and Fox 1953) and was found to be both fungistatic and fungicidal 
against dividmg cells tn vitro (see Table 13) Trials tn vtvo shoued that mice 
infected with strains of Candida or histoplasma developed a milder infection 
with prolongation of hfe when they were treated psrenterally with the anti 
biotic than when it was omitted from the treatment The drug had no 
demonstrable antibacterial action Its activity was unaffected by horse blood 
or serum and the toxicity of the crude material to mice and to rabbits 
(Drouhet, 1955 a) was lifted Furthermore, Hazen Brown, and Mason 
(1953) showed that the admmiatratiOD of oxytetracychne to mice infected 
with CoTidida aZ6ica7ia was highly lethal but if nystatm were given sub 
cutaneously at the time of infection, or withm 2 hours (before or after), it 
exerted a defimte protective effect Tests tn vitro and protective trials in 
mice were made by various workers ^ Of the many strains tested, mostly 
Candida albicans inhibition was found to occur at a concentration between 
1 56 and 16 Umts per ml 

Resistance to the antibiotic was not readily produced Of 5 strains tested 
by Stout and Pagano (1956) 1 only developed some resistance by degrees m 
serial cultures, but even m this case resistance rose only 4 fold and did not 
rise higher in spite of contmued efforts to make it do so 

Administration 

When nj statm was recognized as a chemotherapeutic agent an attempt 
was made to give it by moutb Even when doses amounting to 12 G daily 

I Campbell Hodges and Hill (1953) Drouhet (19o5a) F eenberg Weiss and 
Flippm (1956) Sternberg Tarbet Ke wc omer, Huddleaon 'Ueir right and Egeberg 
{19o3) 
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(presumably of an impure preparation) rrere administered by Newcomer, 
Wnght, Sternberg, Graham, Weir, and Egeberg (1956) no sustained or high 
therapeutic values were obtained m the blood of patients These -workers 
then attempted to gi\e the antibiotic by intramuscular mjection but severe 
local pam and tenderness together mth fever and chills followed Intravenous 
administration ims therefore adopted and though earher batches produced 

TaHLE 13 rUNQISTATlO ACTION OF NlfSTATIN 
(Serial Broto Dilution Tests) 




fiy per tnl rn/iilnliny 

Species 

Ao oftCratnS | 

ffrowih 

AlJeschcna 

1 

> m 

Altemana 

I 1 

1 56 

Aspergillus 


6 25 

Blastomyces 

1 1 

156 

Candida 

270 

1 66-20 

CephalospoTJuro 

1 

25 

Coccidioides 

2 

1 56-6 25 

Cryptoeoccus 

S 

156-8 13 

Endamoeba 

4 

126-250 

Endomycopais 

! 

3 13 

Epiderroophyton 

1 

156 

Fusanum 

1 1 

3 13 

Oeotnebum 

6 

1 56-12 5 

Histoplasma 

1 

1 56 

Hormodendrum 

1 

313 

llietosporum 

2 

3 13-13 

Nonoaporum 

1 

100 

Penicilliiim 

3 

313-13 

Fhialophora 

1 

13 

Phoma 

1 

6 25 

Ehizopua 

1 

313 

Saccharomyces 

1 

SIS 

Schizosaccharomyces 

1 

1 56 

Sporobolomycea 

I 

3 13 

Sporotrichum 

1 

i 13 

Trichophyton 

3 

3 13-6 25 


Bacteria— no inhibition at 100 jig p«r ml — Staph awre««, Sir haemolyticus, Bacillw 
etibiilif. Bacillus cereus. Salmonella typhosa, Sktyetla dyeertleriae, Bactenum mucosum 
eapaulalum, Baetllua ctrculans, Myeobaelenutn (ufterculom 

From the data of Drouhet (1955 a), Eiseoberg, Weiaa, and Fhppm (1956) , Hazen and 
Brown (1951), and Stewart (1956) 

thromhophlebitia, later ones were less imtating With an injection of 200,000 
TJmts blood levels ranged between 10 and 18 fig per ml and, when this 
size of dose was repeated 6 hourly, they rose to 40 to 45 ftg per ml — con- 
centrations well over those require to inhibit many fungi In spite of these 
findmgs, however, the oral route of administration, with doses about 5 times 
those origmally given, has been used with apparent good effect m the treat- 
ment of moniliasis 

Local administration has been rehed on as much as possible For this 
purpose nj statin has been incorporated m an ointment, solution, a powder, 
troche, suppository, pessary, or ^1, the amount in each vehicle usually vary- 
ing between 10,0(K) and ICW.OOO Umts 
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CLINICAL TRIALS 

Moniliasis 

The most ob\io«s applicition of njistatm jn tlic clinical field aMis m the 
treatment of moniliasis Sloanc (1955) reported the results of treatment hy 
troches contnimng 3,000 Units, ointment containing 50,000 Units per G , 
vaginal suppositories each containing 30,000 Units, or a fresldj made solution 
in propj lene glj col containing 150 000 Units per ml Sloane obscr\ cd prompt 
responses in the 8 eases of moniliasis of the skin or mucous membranes uhich 
ho treated, but tho condition fended to relapse uhen the antibiotic was 
stopped The common occurrence of thrush enableil Huang, Kendall, Lam 
bcrti, and High (1050) to treat a senes of 20 infants uith this condition, 8 of 
them premature The appearance of the lesions was tj'pical and the diagnosis 
was confirmed bj the presence of <7 albicans in scrapings or cultures from the 
lesions These infants receiicd local applications of n^ntatin for 3 to 13 dajs, 
b^ the end of which time the treatment was found to Iia\e lieen cficctive A 
more evtcnsive trial vas earned out bj Wright, Graham, Newcomer, and 
Sternberg (1050) Tlicse authors selected 00 patients for stud}, 30 with oral, 
17 with vagmal, and 40 with cutaneous monihaois Nystatin was applied 
topicall} and the results were found to be good m all cases There were no 
instances of resistance developing after prolongwl or repeated use, and there 
were, in this series noscnsitiMl} reactions Local treatment wasalsoapphed 
to about 300 patients vnth thrush vaginitis, or cutaneous monilmsis b} 
Jennison and Llewcl}'n-Jonc3 (1957), Pace and Schantz (1050), Stovall, Pago, 
Witte Reuss and Overstreet (1050), and Wnght, Graham and Sternberg 
(1057) One hundrevl thousand Units applied ilail} or on oltemato davs ns 
ointment solution, suppositorj, or pcssar} brought about alleviation of 
8}'mptoms in about 1 week in the majorit} of cases, but C olbtcanswns still 
found m a number of jKitients who had clinicall} recovered Recurrences 
were therefore to bo expected and did in fact occur Pace and Schantz (1056) 
drew attention to the fact that n}-stotm had only proved elTectivc m cases of 
vaguutis from which momlia had been isolatevl Recurrences were more 
frequent m patients who w ere pregnant than in those who w ere not IMien 
the recurrences were treated again with nystatin, however, a response was 
still elicited R C V Robinson (1050) studied the effect of n}statin in infec 
tions of the skin and mucous membranes Sixt} two cases were treated, the 
•mosi dramatic eHfct being prcidiiced m those with vnlvovaginAis An cAtit* 
ment containmg a combination of nystatin 100,000 Units per G with 10 per 
cent of hydrocortisone brought relief to these patients withm 24 to 72 hours 
Treatment of moniliasis by means of oral administration seems to have 
been productive of more certain results Stovall etaf (1956), who employed 
both local and oral administration concluded that of the two methods oral 
ingestion of undiluted nystatin suspension appeared to give the better 
results Their patients, however, were infants and children so that the 
dose they used — 100 000 Units 4 times a day — would be a relatively 
large one Moreover, ingestion of so large a dose would leave high con 
centratvons within the mouth to produce a topical effect The possibility 
of a systemic effect bemg produced by ingestion was more feasible in 
another case This was also an infant whose course under treatment wiih 
nystatm was observed by Beckman and Navarro (1955) The child had a 
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manifest oral infection on the lOfli day after birth, ^hich had not responded 
to vanouB topical applications nor to any antibacterial drugs administered 
The general condition of the patient had deteriorated and there us'as respira 
torj distress Njstatin was admimstercd as a flavoured powder m a dose of 
175,000 Umts or 1 teaspoonful mixed with an otmco of milk every G hours 
The oral lesions showed improvement ^nthin 48 hours but chmcal and radio 
logical improvement of the pulmonary condition was also evident withm 
2 w eeks The baby was discharged apparently clear of its infection 1 month 
after admission Further satisfactory Imis were made b} Drouhet (1955d) 
whose patients Buffering from generalized or localized lesions received oral 
doses of 0 1 to 0 2 G per kg of body weight per day for infants and 1 2 to 
6G daily for adults Four dajs treatment caused the disappearance of 
digestive, urinary, and oral disturbances together with the disappearance or 
diminution of momha in mouth blood stools and urme Weiss Eisenberg, 
Sass, Kaj’ser and Flippm (1950) successfully treated 5 patients wuth vagimtis 
or pulmonarj moniliasis Nystatin was given m a dose of 4 million Umts by 
mouth duly for nearly 2 months to the patient with pulmonarj disease Dur 
ing tins period C alhicajwdisappearedfromstoolandurme although not from 
the sputum and ndiographs showed much clearing of the condition m the 
lungs Of 3 patients of R C V Robinson (1956) infh systemic momhasis all 
responded to the drug by mouth m doses varying in size according to their age 
up to 500 000 Umts 4 times a day Further trials were made bj Stewart 
(1056) Twenty patients with monilial stomatitis and pharyngitis were treated, 
flrst by local application and later by mouth m 8 to 4 doses diil^ amounting 
to 1 to 2 million Units per 24 hours U ith both regimes the lesions subsided m 
afew daysandswabswerefreeofmomlia In 9 out of 12 patients inwhomthe 
infection had followed directly on the administration of antibacterial therapy 
the organism was cleared from the sputum Stewart also noted that there was 
no change in the degree of sensitivity in t-itro of strams of Candida re isolated 
from patients after treatment had ceased A temporary effect only was 
produced in 2 cases of ringworm 

To 5 cases of severe vulvovaginitis due to momha Sarewitz (1955) admim 
stered 500 000 Umts by mouth 3 times a day Rapid clearing of the lesions 
follow ed together wath rehef of itching and smeness Unfortunately relapse 
followed discontinuance of treatment 


Coccidiomycosis 

Patients suffering from coccidiomjcosis treated by Newcomer et al (1956) 
did not respond so well as the patients with momhasis These authors 
described 5 cases, in 3 of which the lesion was in the lungs and in 2 in the 
meninges Those suffering from pulmonary lesions did not respond to 
relatively high doses given daily bj mouth, but when the mtravenous route 
was used and 200 000 to 400 000 Umts were mjected daily, the patients’ 
Bjiuptoms improved and they gained weight It required 4 to 5 months 
treatment, however, for radiographs to clear sufficiently for the disease to he 
considered inactive and even after so long a treatment as this sinuses which 
had healed brolce down agam during the following year There was no sign 
when recurrence took place that the infection would not respond to further 
treatment, the greatest difficulty bemg in finding patent veins for the earlier 
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batches of nystatin had an irritant action oil the vein wall Two patients 
with meningitis failed to respond to treatment This was understandable 
smce none of the antibiotic was detected iii the cerebrospinal fluid after 
intravenous administration 

Complications of therapy 

Only mild reactions were observed folldwmg oral administration of 
nystatin Transient nausea was obsCTved by Stewart (1956) after doses of 
500,000 Umts 3 to 4 times daily for up to 7 da^® » ^ effects were noted by 
Sarewitz (1955) even in 1 patient receivmg th^ drug for 3 montlis With the 
earlier preparations for mtravenous use, Neircomer et al (1956) observed 
chills and a nse of temperature as high as 102® F witbm a few hours of 
administration These subsided, however, leaving the patient m better con 
dition after his therapy Otherwise there have been few reactions •nhieh 
could be attnbuted unequivocally to nystatin 

Treatment with nystatin combined with Other antibiotics 
Nyslahn and Uiracychne, 

On the assumption that gastro mtestmal sidp effects foUoivmg antibacterial 
therapy are due in part to the supervention of resistant infections, montUasis 
hemg amongst these, efforts have been made by various investigators to 
compare the mcidence of these side effects foUowmg tetracychne given by 
itself or together with a fungicidal drug such as nystatm Stone and Mer 
sheimer (1956) studied 509 patients from this pomt of view They noted that 
these side effects were present m 11 14 per cent of the 260 patients treated 
inth tetracychne and m only 3 16 per cent of those treated with the 2 anti 
biotics together, and that the differences m the incidence of side reactions 
were mainly due to those m the alimentary tract ereept for vaginitis in 
women which was diatmctly more common m those taking tetracychne alone 
Stone and Mersheimer (1956) also noted that 6 of the 8 patients treated with 
tetracychne in whom this comphcation occurfcd sboived an overgrowth of 
moniha in their vaginal smears in neither of the 2 cases of vaginitis in the 
senes treated inth nystatin and tetracychne could momha be demonstratefl 
On the other hand m a small senes of patients whose reactions were cntically 
assessed by Hewitt, Fmegold, and Sutter (1956), takmg mto account the dura 
tion of treatment, little difference was noted m the mcidence of reactions in 
two groups one containing 77 patients treated with 0 25 G to 0 5 G of 
tetracycime 6 hourly and another contauung 96 patients treated with the 
same dose of the latter drug together with 250,000 Units of nystatm The 
incidence of side reactions was 71 and 78 per cent respectively The mam 
differences w ere agaui found in reactions m the lower gastro mtestmal canal, 
the study bemg largely confined to men 

Hewitt el al (1956) did, however, observe that there was a significant 
decrease m the number of yeasts m the faece® following administration of 
tetracychne and nystatm together compared with patients treated with 
tetracychne alone Childs (1956) also ascribed the presence of diarrhoea to 
a heavy growth of C albicans m the stools Fifty j oung males over 12 years 
of age suffermg from pneumoma were divided into two groups Each alter 
nate case received either 0 25 G of tetracychne 4 to 0 hourly for 5 dajs or 
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else the same dose of tetracycUno together with 60.000 Umts of nystatin 
8 hourly (1 TJmt = the amount of njstatm present m 1 ml of broth which 
completely inhibits a strain of G alAtcans) Side effects in the form of diar- 
rhoea u ere seen in 4 of the boys taking tctracyclme alone, and from the stools 
of 3 of these heavy groutha of C albicans were obtamed No patients, hoi\- 
ever, developed either diarrhoea or a heavy growth of C albicans m the group 
receiving combined treatment Possibly these side effects, as Kligman (1956) 
would have us believe, have httle to do with momha, their overgrowth bemg 
merely comcidental with the symptoms 

In support of Khgman’s conclasioo are the findings reported a year later 
With the same 2 kinds of treatment Lepper and Pearson (1957) found the 
aerobic bacterial faecal flora after 5 days httle altered but Candida had in- 
creased m distinct]> fewer patients receiving njstatm with tetracycline thanm 
those receivmg tetracyclme alone As regards side effects there were 4 patients 
who had diarrhoea after the combination but 2 only after tetracyclme alone, 
nor did the diarrhoea seem to be associated with any particular microbe m 
the faeces In the same waj neither Metzger, Steigmaim, Jenkins, Pamukcu, 
and Kaminski (1057) or Range, Onatti, and Engbmg (1957) could relate the 
presence or absence of side reactions with the effect of nystatm on Candida m 
the stool 

Pneumonia Twenty five patients suffering from acute pneumonia were 
treated with tetracyclme aad nj'statin by Gunble, Shea, and Katz (1956) 
Pneumococci were isolated from 70 per cent of those having positive cultures 
and in 2 a bacteraemia was demonstrated These patients were treated 
ivith 0 5 G of tetracyebne and nystatin Sixteen of them made an excel- 
lent recovery with marked subjective and objective improvement withm 
2 daj 3, while 4 in ^^hom there was a suspected underlying bronchiectasis or 
obstructive emphjsema improved over a longer time Even those with 
pyelonephritis responded well, 2 takuig longer to recover than the others 
A patient with a staphylococcal pneumoma died, as also did another with 
tuberculosis Kaj ser, Weiss, Eisenberg, and Fbppm (1057) also studied the 
effect of the 2 antibiotics on a senes of 26 patients with bactenal pneumoma 
(pneumococci were isolated from the sputum of each) From treatment with 
500 mg tetracyclme hydrochlonde together mth 500,000 Umts njstatm by- 
mouth 6 hourly for 7 to 10 days the results were considered to differ in no 
essenijud Jfrnro fhase nUAined uo these wnrkers’ jirevjDus esperifincB with 

tetracyclme alone Fungous infections were sometimes seen m debibtated 
individuals such as those suffering from prematuntj , leukaemia, liiabetes 
mellitus, or from treatment with cortisone and related steroids, and the 
administration of nj’statm to such people should have no unfortunate effects 
Other conditions treated similarly by Gimble et al (1956), such as pyelo- 
nephntis, thrombophlebitis, celluhtis, lung abscess, pelvic abscess with septi- 
caemia, bacillary dysentery, and pharyngitis inth tonsillitis, bore out this 
conclusion 


Nf/stalin, neomycin, and polymyxin 

These antibiotics were used m 24 cases by Spaulding, Rao, Tyson, Zu- 
brz 5 cki, and Hams (1956) to test their effect in reducing the bactenal flora 
of the faeces Without nystatin, the other 2 antibiotics were able to reduce 
the bactenal flora considerably, but had no effect on j easts and fungi which 
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g^e^\ readily in the specimens from 23 of the 24 cases When, however, 
nystatin was added to the treatment so that each patient received 4 5 G 
neomycm, 200 mg polymyxin B, and. 3 milhon Units of nystatin, dmded 
into 3 doses daily folloi\mg castor ml and an enema, yeasts and fungi dis 
appeared withm the first 5 days of medication in all of the 16 cases studied 
When nystatm was used nith the other 2 drugs, stenhty or near sterihty of 
the gut contents was reached in 7 patients, thus preparing them for intestinal 
surgery Later work mth neomycm and nj^tatm (Spaulding, Tjson, Harris, 
Jacobs, Wildrich, and Johnson, 1957) demonstrated that equally good results 
were ohtamed without the addition of polymyxin B No patients’ stools, 
however, mamtamed stenhty for more than 24 hours 


ACTIDIONE 

Actidione, like nj statin, was produced from Streptomyces nourset (Hazen 
and Brown, 1950) An antibiotic \«th similar properties had also been 
prepared from Streptomyces gnseus by Leach, Ford, and ^Vhlffen (1947) The 
chemical structure of the latter was investigated and identified by Kornfeld, 
Jones, and Parke (1949) The drug appeared to have a unique glutanmide 
nng in its structure, and was eventually considered to be identical mth the 
actidione produced from nystatm (Brown and Hazen, 1956) Its anti 
microbial activity was confinetl to yeasts and fungi Wbiffen (1948) reported 
that it inhibited a number of yeasts when incubated with them at 30® C for 
18 hours, at 0 17 pg per ml , but certam species of torula required as much 
as 25 or even more than 1,000 pg per ml Some fungi, such as Cryplocoeeus 
neoformans, w ere inhibited by 0 24 pg per ml , but others, mcludmg Candida 
albicans and Nocardia aaterotdes, required more than 1,000 ftg per ml as 
also did various strams of tricophjton Actidione is a crjstallme substance 
soluble m water, the louer ahphatic esters, acetone, and chloroform and 
fairly stable to heat, acid, and alkali 

■\^^en given mtraperitoneally to dogs, rats or gumea pigs, actidione was 
detected m the plasma within 30 minutes and persisted for nearly 1§ hours 
Its toxicity when administered to dogs was sufficient to produce vomiting 
within a few minutes of the intravenous administration of 1 mg per kg of 
bodj weight In man, mtravenous administration of a sufficiently large dosc 
produced nausea (Goth and Robinson 1949) 

Only one climcal trial has come to the author’s notice and that was m a 
patient described by Wilson and Duryea (1951) This patient began to lose 
weight m October 1948 but the diagnosis of torula meningitis was not made 
before July 1949, when a Cryjdococcus neo/ormam was isolated This organism 
was inhibited by relatively high concentrations of eulphadiazine, chlortetra 
cj clme, and pemcilhn so that the menmgitis was first treated by these drags, 
but without success Actidione was administered a month later, both intra 
muscularly and m a dose of 20 mg intrathecally each day for 15 daj’s After 
this, 40 mg was injected intravenously each day The cerebrospinal fluid 
became stenie withm 2 daj s of mtrathecal treatment, but there were marked 
signs of cerebral irritation after this route of administration liad been used 
for 15 daj s Unfortunatelj after a further 18 days of intravenous administn 
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tion the torula again appeared in the cerehrospinal fluid Nevertheless, after 
observation during 3 further courses of intravenous therapy, the patient ivas 
discharged free from symptoms The outcome in this case nas contrasted 
Mith that in another in whom the same organism w as identified in the cerebro 
spmal fluid 6 months later Actidione was not at that time available and 
routine treatment u as adopted The patient eventually died after 4 months 
At necropsy manj cr^’ptococci \rere found in the cerebrospinal fluid and 
cerebrum 


THE AMPHOTERICINS 

Antifungal agents derived from a streptomjeete obtained from sod from 
the region of the Orinoco Ri\ er, ^ enezuela were recovered by Gold, Stout, 
Pagano, and Donovick (1956) and Vandepotte Wachtel, and Stiller (1956) 
There were two of these agents, named by tlie above authors amphotericin 
A and E Both are insoluble in water but soluble in aqueous alcohols, and 
amphoteric Amphotericin B w as found to he several times more active than 
A against j easts and j east like fungi, but A inhibited a greater number of 
species of fungi Neither has any activitj agamst bacteria Unfortunately 
the extreme insolubility of the amphotericins is a handicap m clinical apphea 
tion for, though the} can be converted into water soluble salts, B rapidly 
loses its actmt} m the process Elach was crystallized and, when dry and 
stored at moderate temperature away from light or air was stable for long 
periods 

Antifungal activity 

^Vhen incubated at 30® C or 37° C for 4 dajoj with various fungi, the 
amphotericins demonstrated their inhibitory activity against the foUowong 
organisms 

Candida albicans (various strains) Cladosportutn (2 strains)* 

Rhodotorula (2 strains) Fonsecaea (2 strains)* 

Saccharomyccs cerevisiae Phialophora lerrucosa* 

SpsTiJi'crciia/TT AdiefteZr* sp 

SlicrospoTum (3 strains)* Nocardiaf (4 strains) 

Trichophyton (5 strains) Aspergillus fumigatus* 

3Ionosponuni aptospermunt* Fusanum bulbigenum 

Cryptococcus neoformans Blastomyces hrasihensis 

Epidermophyton fioccoaum Htstoplasma capsulatum 

Cephalosporium reetfet* 

Amphotencm A resembled nystatm in the tj pe of organism it inhibited and 
the concentrations required for inhibition Amphotericin B iras more active 
than A against Candida albicans, C neo/ormans, B dermatilidis, Blastomyces 
brasthensis, S schencht, and H capsulatum 

• JIuch more sensitive to amphoteneui A tban lo amphotericin B 
t Relati\-e!y resistant to both amphotericins, requiring > 25 to > 50 /ig per ml for 
inhibition 
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Trials in expenmental animals sudi as mice, gmnea pigs, and hamsters 
showed that hoth antibiotics, when given subcutaneously, could protect the 
animals against fungal infections such as those due to C albicans, 11 capsu- 
latum, C neoformans, and T mentagrophytes Amphotericm B showed no 
evidence of toxicity when administered daily to mice via the pentoneal cavity 
for 50 up to 71 days (Sternberg, Wright, and Oura, 1956) Baum, Rebel, and 
Schwarz (1957), nsmg antibiotics alone and with another chemotherapeutic 
agent, concluded that a combination such as amphotencm B or nystatm, 
together with sulphadiazme, gave better results than those from a single 
agent Because of their poor solobihty and tendency to remam m the sub 
cutaneous tissues where they were injected, thus limiting absorption, these 
antibiotics were not thought to have produced the best results possible with 
them On the other hand Louiia, Feder, and Emmons (1957) found good 
absorption followed oral administration or mtrapentoneal injection m mite 
of up to 150 mg per kg per day and were satished that amphotencm B was 
highly effective m its protective action against eipenmcntal histoplasmosis 
and crj’ptoeoccosis Because of its poor solubihty a mixture with sodium 
desoxycholate was prepared by Bartner, Zmnes Jloe, and Kulesza (see 
Lancet, 1957, n 888) which, when reconstituted wth 5 per cent dextrose m 
water, formed a colloidal dispersion rather than a solution No essential 
difference was found in the toxicity to rabbits and dogs between this and the 
ongmal suspension m water 


CLINICAL TRIALS 

Most commonly the amphotencins would be required to treat cutaneous 
candidiasis or th^h Kozmn, Taschdjtan, Dragutsky, and Mmsky (1057) 
therefore attacked the disease m 37 newly bom infants and young children 
Treatment was apphed by local munction with omtments containing 2 per 
cent of amphotencm B or of nystatm In early cases, i e of not more than 
3 days’ duration either omtment was uniformly successful, clearing up the 
lesion in approximately a week I\Tien the candidiasis was more advanced 
success was not so great and longer treatment was required In the«e cases 
nystatm produced better results than amphotencm hut the authors point 
out that an underlymg dermatosis, if present, requires treatment as well 

The effect of amphotencm B was also tned m the yeast flora of the gastro 
intestmal canal The 24 male patients on whom the tnal was made by Hakle, 
Wnght, Pollard, Newcomer, and Sternberg (1957) were suffenng from slon 
complamts and had no known abnormahti^ of theur ahmentarj canals 
Senal yeast counts of their stools before and after amphotencm B, given as 
50 to 300 mg 4 times a day m capsules by mouth, showed that these decreased 
by 73 to 100 per cent m the great majonty of instances ^Vhen amphotericm 
B was administered with tetracyclme to counteract the effect of the latter, 
the yeast counts were still reduced to a greater degree when SOO mg a day 
wereadministeredthanaftera]ow'erdoseof200mg aday ^Vhen considenng 
the antibiotics for routme treatment with tetracychne it is as well to bear m 
Tnind that m certam strains of CaTidtda (not Candida albicans) resistance to a 
high degree has been induced in tifro and this, in the ease of amphotencm B, 
exhibit^ cro«s resistance with nystatm {Lancet, 1957, u 88S) 
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Amphotericin B i\a3 also used for systemic fungal diseases ^ In I senes of 
14 patients -where all the patients had a poor ultimate prognosis and had 
failed to respond to other treatment, the results, -whether from oral or mtra 
venous administration, -were not particularly encouragmg Only I case inth 
a cryptococcus infection of his bone and soft tissues recovered Three patients, 
though showing amehoration of then* symptoms, did not recover and others 
did not appear to be affected by the treatment Of those treated mtravenously, 
2 show ed definite chmcal improvement, gaimng weight and m one mstance 
feelmg well enough to return to -work 4 months after his treatment, -with 
wounds healed and drainage iirom his abscess having ceased A much more 
optimistic view of the possibihties of therapy with amphotenem B was given 
in a second senes of G patients with cryptococcal memngitis Intravenous 
administration of infusions containing 50 to 100 mg daily or twice a day 
resulted in 5 patients surviving and 1 death only The survivors were restored 
to normal activity in 3 cases, a 4th was asymptomatic except for occasional 
lieadachcs, and the condition of the 5th survivor remamed stable after havmg 
slowly detenorated over the previous 10 years 

In summing up these remarks about the amphotencins it is of interest to 
quote Furcolow (1937), who described the results of the treatment of crypto 
coccosis (torulosis) and histoplasmosis os encouragmg 


THE ACTINOMYCINS 

Actinomycm or ‘sanamjem’ was found by Waksman and Woodruff (1 W2) 
as a product of the culture of a species of actmomyees Two erystaUme 
fractions were obtained and called actinomycm A and B In 1949 Brock 
niann and Grubhofer also isolated an actinomycm, ‘Actmomycin C’, from 
Slreptomyces chrysimalUi and found that, m addition to its other properties, 
this drug also inhibited cellular activity m the Ehrhch caremoma of the 
mouse Experiments were extended by Hackinann (1952) to carcinomatous 
growths in rats Hackmann (1953) observed that the antibiotic had a 
particular static effect on the cells of the lymphatic system later a number 
of different actinomycins -were recognized (Gregory, Vining, and Waksman, 
1955 , Jlanaker, Gregory, Vjning and Waksman, 1955) The original material 
was found to be strongly bactenostatjo against both Gram positive and 
Gram negative organisms and also to be fungistatic When mcubation was 
carried out for 4 days at 28" C a concentration of 0 1 mg per ml was 
sufficient to prevent the growth of species of Rhxzopus, Tnehoderma, Pent 
cilhum, Humtccla, Fusarium, AspergtUua mger and Candida and of much of 
the bacterial and fungal population of the soil 

Clmical tnals were begun by Sdiulte (1952) on patients who had tumours 
of the reticulo endothelial system, but the results were indefimte Some 
patients showed improvement "with disappearance of their tumours, and 
others a reduction in the radiation dose required to control them, hut these 

* These cases are referred to in the Annotation m the i!^nccf (liJaT, n 88S) which 
describes the results of reports mado at the 7ifth Annual Syroposium on Antibiotics, 
October 10o7 
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changes did not occur consistently Later trials (Schulte, 19M), m ^^hlch 
intravenous injections of 100 to 200 /ig were given morning and evening 
untd 5,000 to 10,000 fig had been administered, encouraged Schulte to 
believe that actmomycin C was of therapeutic value either alone or in 
conjunction with radiotherapy, urethaae, nitrogen mustard, or cortisone 
Ten of 17 previously untreated patients wuth Hodgkm’s disease were free 
from signs and symptoms after one course and remamed so for periods up to 
18 months Some who were of working age were able to return to their 
employment The be<it effects in all groups of patients studied were found 
m patients with only superficial lymph node involvement, and no pyrexia, 
or with an mcrease in erythrocyte sedimentation rate and no gross blood 
changes The toxic effects of therapy appeared to be mild After treatmg 
100 cases Schulte had noted no detrimental changes m hver, kidnejs, or 
haemopoietic system, but it is as well to bear m mind that experimental 
work with gumea pigs carried out by Busmeo (1955) showed that the drug 
did not prevent anaphylactic shock in sensitized animals Moreover, in 1955, 
Janbon, Bertrand, and Carh reported some fatalities from agranulocytosis 
followmg treatment with relatively high doses of 1,000 /ig dad} for about 
2 weeks A large senes of cases 118 mall, treated by IVench workers was 
reported m 19M by Bertrand FoDtame, Mallarme, Schneider, and Debray. 
These were mamly cases ot Hodgkm s disea'^e and the reports were unj 
fonnly unfavourable, except for that of Ravina and Pestel (1934) The 
latter workers treated 13 patients at the Hopital Beaujou, Cheby Bear 
mg m mmd that urinary excretion of the drug was rapid, treatment by 
mtravenous drip was adopted and up to 800 pg were given over 3 to 4 hours, 
thereby ensurmg a more or less constant level of the antibiotic in the blood 
during that tune The other French workers gave daily injections, thus acluev* 
mg only transiently high concentrations In all of 4 cases of Hodgkin’s disease 
treated by Ravma and Festel, remissions took place, and remissions occurred 
also m 4 others mth caremoma of the hver, ]>'iQpbosarcoma, IjTnpboid 
folhcular reticulosis, or mahgnant ascites Other forms of cancer m a further 
5 cases, however, did not respond The French w orkers noted that unpleasant 
side effects mcluded anorexia, nausea, abdominal pam, diarrhoea, stomatitis, 
alopecia, and jaundice Similar side effects of therapj were noted by Croizat 
and Lacoste (1955) whose 44 patients underwent treatment for various mahg 
nant adenopathies Unfortunately, with daily mtravenous injections of 200 
to 400 fig according to age and sex, these workers saw no defimte benefit 
and considered the results of radiotherapy or mtrogen mustard much superior 
Other workers have had httle more success Bi Hodgkm s disease, Korst and 
Meyer (1955) saw no effect after administenog 25 fig of the pure cr^etallme 
actmomycin D daily by intravenous mjection for 9 to 30 daje Trounce, 
Wayte, and Robson (1955) gave a total dose of 7,000 to 10,000 fig w itli only 
shght and transient subsidence of fever and reduction m the size of Ijnnph 
nodes m2 out of 4 patients (2 of these patients also showed a distmct thrombo 
cytopema) Magnus and Zeitler (1955) could not come to a decision as to 
whether the action of the drug was beneficial either m this disease or myeloid 
leukaemia Schmidt, Loosen and Hemen (1955) claimed success inth 
patients suffermg not onlyfrom Hodgkins disease, but also various mabgnant 
tumours They stated that it was essential to mamtam prolonged treatment, 
admmistermg 50 to 400 fig intravenously each day for weeks or months so 
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that the total dose might reach 1,675 to 19,000 pg m Hodgkin’s disease 
and as much as 45 000 pg in patients with malignancies With this long 
treatment Schmidt et al (1955) claimed that all of their 8 patients with 
Hodgkin’s disease, follow cd for 6 to 29 months, had improved m their general 
condition and their anaemia In 4 the Ijinph nodes and metastases had 
regressed in size In patients with mahgnant tumours followed for 3 to 37 
months, subjective improvement had been experienced jn JO out of 32 and 
metastases had demonstrably regressed in 2 After operation on 1 for hyper 
nephroma, the clinical rccoaery was complete and the metastases in the 
lungs had dimmished m size Tliese more or less satisfactory results were also 
obtained at a later date by Ravina, Pestel Eloy, and Thielen (1956 6) These 
workers described beneficial effects produced by actmomj cm C in mahgnant 
blood disorders, a splenic form of Brill-Symmer s disease, cancer of the 
uterus with pulmonarj metastases and oaarian cjsts which were treated 
by direct instillation 

Wth these somewhat contradictorj statements on the effect of actmo 
m>cm, judgement about its place in the treatment of neoplastic disease 
must for the present be w ithheld Since the antibiotic has also an antibacterial 
action, confirmed as late as 1956 by Foley, it is possible that some of the bene 
ficial effects observed may have been due to subsidence of inflammatory 
reaction around malignant foci Nevertheless the results from prolonged 
treatment given by Schmidt el al (1955) give ground for hopes that wlien 
this IS adopted, especial)} in early cases, greater benefits mil accrue 


SARKOMYCIN 

In 1953 Umezawa, Takeuchi, Nitta Yamamoto, and Yamaoka (1953) 
reported the preparation of an antibiotic firom a streptomyces similar to 
S erytJirochromogenes The antibiotic was acidic m nature and weakly 
antibacterial agamst Staph aureus Although it was not crystallized when 
reported on by Hooper, Cheney, Cron, Fardig Johnson, Johnson, Palermiti, 
Schmitz, and Wheatley (1955), its toxicity was low , the LDjo for mice being 
SOO to l,600rng per kg of weight bymtravenousinjection 400toS00mg per 
kg by subcutaneous injection and 4,809-6 4W) mg per kg by oral admim 
stration In experimental work in mice, daily ndmmistratjon of 1 mg 
intravenously, 2 5 mg intrapentoneally, or 5 mg by mouth prevented the 
development of Ehrbch sarcoma 

Climeal trials were earned out bj Ishijama (1954) on 78 inoperable cases 
of mahgnant tumours mKantoTeisbmHospital, Tokyo Ishiyama considered 
that climcal improvement followed treatment m 20 patients and this was 
accompanied by histological and radiological confirmation There ivere few 
side-effects from the treatment and they were considered neghgible Further 
work has not yet come to the authors’ notice 
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AAIICETIN 

Produced from Slreplomyces unaceus drappus and Slreptomycesfascicuhtus 
by De Boer, Caron, and Hmman (1953), anucetm was first found to be activ e 
m low concentrations against Mycobaetenum tuberculosis and Staph aureus 
The properties of this antibiotic were described after crj’stalhzation by 
Flynn, Hmman, Caron, and Woolf (1953) It is a colourless sub 
stance, insoluble in water and most orgamc solvents It is amphoteric 
and dissolves m dilute acids or bases but is highly unstable m alkaline 
solution Although it showed activity against acid fast mycobacteria and 
Staph aureus, because of its chemical constituents its mam interest lay 
m the favourable effect it produced on the survival time of mice with cvpen* 
mentally induced leukaemia (Burchenal, Yuceoglu, Dagg, and Stock, 1954) 

Tan and Burchenal (1956) made a climcal trial with this antibiotic on 11 
patients with acute leukaemia and 4 with other neoplastic disease They m 
]ected the drug mtravenously, gradually mcreasmg the dose till it reached 2 G 
or 100 mg per kg of body weight.mfused in 1,000ml ofSpercent glucosem 
water over 24 hours, or up to 12 G daily by mouth (higher doses than those 
mentioned were not tolerated) Unfortunately there was no mdication that 
amicetm had any therapeutic value m acute leukaemia except possibly in 
1 child to whom amicetm was given by contmuous mtravenous drip for 3 
weeks and by mouth for another 2 After the 4lh week of therapy the child s 
penpheral leucocyte count was unchanged but the percentage of stem cells 
m his bone marrow had fallen from 90 to 15 and was still not more than 30 
when he died during the 6th week of therapy from broncbopneumoma 


OTHER ANTIBIOTICS ACTIVE AGAINST 
MALIGNANT CELLS 

Products derived from a large number of infective agents, with antiblasto 
mic activity for example the polysaccharides of Chromobacterium prodiyiosum 
and other Gram negative bacteria, diphtheria toxin, Bacillus subtilis, hac 
tenophage, viruses, fungi, malaria parasites, entamoeba, leishmania, and 
Trypanosoma cruzi, have been tested by Klueva and Roskm (1957) Some 
oS these eitraets ihsi bvsn Tj^pasukscma- cjmei, have jfacbed the 

stage of climcal trials and from these Klueva and Boskrn have concluded 
that they have great potentiabties in the treatment and control of malignant 
tumours, regression or disappearance following treatment having been ob 
served m some tumours of the bps, vocal cords, throat, breast, oesophagus, 
intestine, and skm 

Such findmgs await confirmation in other countries 
CONCLUSION 

At the present time, though there are indications that antibiotic substances 
may influence neoplastic disease, the grounds for considermg that any agent 
60 far discovered is capable of rendermg the rapidly multiplymg cells of 
cancerinactivearetoo insecure to offer any hope from them of a curative effect 
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THE CHOICE OF AN ANTIBIOTIC 

GENERAL CONSIDERATIONS 


Sensitivity tests 

B efore deciding to treat with an antibiotic certain considerations need 
to be taken into account Amongst these, the sensitivity of the respon 
Bible organism ranks m the forefront Other points to be taken into considera 
tion are the increasing incidence of resistant bacteria, the possibility of 
complications arising from each antibiotic, and the manner of dealing with 
them There is also the question as to whether certain agents such as the 
corticosteroids or gamma globulin may aid an antibiotic m speeding the 
patient s recovery These mtU be dealt witli m the following pages 
Logically, the antibiotic to be chosen for any infective process should 
bo that to which the responsible organism is most susceptible Even when 
the organism can bo isolated, however, there are somo objections to this 
method of choice To begui with, the method of testing for susceptibility 
has m it many sources of error which make it questionable whether this 
test always represents a replica of the susceptibility of the orgamstn tn me 
For instanco, the constituents of the culture medium may iniluonco the 
activity of the drug in question, the pH of the medium, the length of incuba- 
tion, the solubility and diffusibdity of the antibiotic m tbe medium, and the 
size of the bacterial inoculum When tests are carried out m sohd media 
these sources of error may be increased Moreover, arbitrary concentrations 
are often used m disks or agar dishes, and these may be much above those 
required to inhibit an orgamsm in hquid media The diffusibiUty of the 
antibiotic through the agar, the concentration of the drug in the tablets or 
disks, and different rates of increase in the diameter of the zones of inhibition, 
must be taken mto account An example of the great variation obtamed by 
different methods of testing the same stram of orgamsm was given by Jackson 
and Finland (1951 } These authors tested 7 different antibiotics and 6 different 
strains of bacteria by 5 methods in common use With the some strain the 
vanations m susceptibility to the antibiotic were found to vary with the 
method used and were always at least 2 fold and sometimes as much aa 
250 fold Moreover, the correlation between different sensitivity tests was 
not always the same for each antibiotic With penicdlin clear end points 
were obtamed with most of the methods used except the turbidimetrio 
method, m which discrepancies amcmntmg to a 16 to 64 fold variation were 
sometimes found With streptomycm the variation between different 
methods of testing was not great, providing the inoculum was not heavj 
With chlortetracyclme the length of mcubation was a critical factor, since 
prolonged incubation allowed the antibiotic to deteriorate and organisms 
which had been inhibited but not killed to grow out Correlation between 
different tests was good inth chloraxnphoucol, except in the case of the 
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medicated disk method, and when the staphylococcus was the test organism 
Oxytetracycline, on the other hand, showed variable results Neomj cm, 
when tested against Salm typhi, gave relatively consistent results except 
with the turbidimetnc method Moreover, there is not always certamty that 
commercially prepared medicated disks contam the concentration claimed 
for them Among 92 lots of commercaal paper type disks tested by Greenberg, 
Fitzpatrick, and Branch (1957) 62 had less than their labelled potencj 
Although it 13 to be hoped that such errore have been corrected, the method 
of testmg by disk must be regarded only as approximate Apart from these 
techmcal sources of error, there is ahiays a possibihty that an organism may 
be quite sensitive in iitro at the beginning of treatment but later acqmre 
a resistance which puts it beyond the reach of therapeutic control An 
example of the confusion uhich may result from direct mterpretafion 
of sensitivity tests as a gmde to therapeutic control was given by 
Forbes (1953) Forbes tested the minimal concentration of streptomjcm, 
chloramphemcol, chlortetracyclme, and oiidetracychne which would inhibit 
17 different strains of Sh aonnet The absence of turbidity or bacterial 
deposit was the criterion of complete inhibition When the tests were read 
after 12 hours mcubation, Sh sonnet appeared to be most sensitive to 
chlortetracyclme When, however, they were read after 24 hours mcubation, 
ehlortetracyelme showed less activity than tetracycline Chloramphemcol 
and streptomjcm appeared to be least effective According to the tests 
used for estimatmg acquired resistance streptomycin appeared to bo the 
least suitable drug However, when knoim numbers of the shigellae were 
mcubated for 24 hours at a pH of 7 4 in wet faeces to which the drug ivas 
added at a concentration of 10 fig per G , the only antibiotic which killed 
all the orgamsms m this tune was streptomjcm This last test proved to he 
the most reliable, for when streptomycm, m doses of 0 5 6 bj mouth twice 
daily, was administered to 16 cases of acute dysentery and to 1 case of a 
carrier for 2 to 3 days clmical and bacteriological cure was achieved m all 
except 1, in which cure did not occur until the Cth day after treatment, and 
no relapses were seen in the subsequent 6 months Another example was 
given by Smith and Galloway (1953), who attempted to treat diarrhoea of 
infants with the antibiotic mdicated by a tube dilution test The predominant 
orgamsms isolated from the faeces m these cases were several different 
strains of E coh Accordmg to these tube dilution tests oij’tetracj eline had 
the most powerful inhibitory action on these orgamsms, jet m patients 
given this antibiotic the stools were uot cleared of organisms anj more 
qmckly than when no antibiotic was employed In the control group of 
33 infants the stools became free of oigamsms in an average of 16 daj^ 

In spite of the many disadvantages inherent m sensitivity tests m general 
there is something to be said for the adoption of one single test by routine 
laboratones This at least rules out the many details of procedure in which 
variations may occur and allows a correlation to he made between the 
sensitivity test and the clmical prepress of the disease m patients served by 
a particular laboratory In choosing a test for routme use, however, certain 
rules should be observed These have been set down bj Finland (1955 o) as 
follows 

The medium must support early and good growth of both the infecting 
and the test organism 
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The medium must not interfere with the action of the antibiotic 

The period of mcubation should be long enough to allow full or neatly 
full growth m the control medium 

No sigmiicant deterioration of the antibiotic should occur during the 
penod of incubation 

Even so, it is still sometimes necessary to hmit the tests to those strains 
of bacteria which have significant variations m susceptibihty One of the 
quickest tests is the disk method mtroduced by Bon^, Spauldmg, Smith, 
and Dietz (1947) These disks contain suitable concentrations of various 
antibiotics and are placed on the surface of blood agar plates immediately 
after these have been inoculated with the material from the lesion to be 
investigated The orgamsms are considered to be sensitive when an mhibi 
tory zone of measurable width surrounds the disk Tins methoil, with 
certain modifications, was used by Lind and Swanton (1952) andLmd (1953) 
Lmd foimd a good correlation between the sensitivity of the organism as 
shown by this test and chmcal cure in 50 cases infected with common patho 
gens The correlation was not so good m the case of staphylococci or proteus 
orgamsms A similar method described by Broom, Martmeau, and Young 
(1953) was found to correlate well wth the chmcal course of the disease m 
most of 69 cases of memngitis due to various orgamsms Tunevall and 
Ericsson (1954) found that tlie correlation between chmcal results and 
susceptibility as shown by this same method was particularly good with 
streptomycm, pemcilim, and the tetracyclines, but very much less so with 
chloramphenicol A more cautious estimate was made by Weil and Harris 
(1953) These authors found no instance m which the chmcal experience 
was found to be contradictory to the sensitivity tests 
Other methods which depend on the diffusion of the drug into solid media 
on which a direct culture from the lesion has been made, have been described 
and recommended by Knox (1954) These methods, according to Knox, 
are good enough to give gmdance os to whether or not the organism m ques 
tion IS sensitive to the drug but the> ore not accurate enough to allow a 
quantitative report of the sensitivity to be given with any precision For 
quantitative estimations a serial tube dilution method, used with the pre 
cautions suggested by Waisbren, Carr, and Dunnette (1951), seems to be 
the most satisfactory, particularly for cases of bacterial endocarditis With 
all the foregomg habilities to error in sensitivity tests it is satisfactory to 
find that a study of 118 samples from patients earned out bj Rodger, Branch, 
Power, Starkey, Gregory, Murray, and Harrop (1956) with carefully checked 
sensitivity tests led them to the conclusion that the results of therapy 
correlated in a high percentage of cases with the sensitivity tests 

Acquisition of resistance to antibiotics 

Increasing resistance of a miCTO orgamsm to an antibiotic seems to have 
been observed first in the dime in cases of bacterial endocarditis In these 
cases, where treatment was prolonged and the risk of superadded infection is 
small, it IS possible to assume that one is deahng with the same stram of 
orgamsm from start to finish of therapy Astler and Jlorgan (1950) gave 
examples of 2 cases of bacterial endocarditis due to Strept faecalta or Slaph 
aureus The case due to the streptococcus was treated with sulphonamides. 
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pemciUm, and streptomycin In this case the streptococcus was at first 
inhibited by 0 4 to 4 Umts per ml of pemcillm, but after a recurrence of the 
infection and a pulmonary infarction, the organism was not inhibited by 
6 Umts per ml of pemcilhn This result might have been withm the limits 
of experimental error The 2nd case, due to a pemcilhn resistant Slaph 
aureus, was treated with chloram|diemcol for 2 weeks, then pemcilhn and 
streptomycm, and eventually chlortetraiycline for 32 days The staphy- 
lococcus was origmally inhibited by )2 5 /ig of chloramphenicol per ml but 
after 2 weeks’ treatment more than 200 fig per ml were required for inhibi 
tion When chlortetracychne was administered the susceptibihty of the 
organism to it steadily diminished from an mitial inhibitory level of 0 2 pg 
to 26 fig per ml durmg 24 days’ treatment 
Pansy, Edian, Pagano, and Donovick (1950) found that they could not 
only make strains of S coh and Staph aureus resistant to chlortetracychne 
and chloramphemcol tn vitro, but that those made resistant to cblortetra- 
cyclme were also resistant to its analogue, oxytetracychne Similar cross 
resistance was observed between pemcillm and pemcilhn X by Eisman, 
l^Iarsh, and Mayer (1946) and Dowhng, Hirsh, and 0 Neil (1946) and between 
streptomycm and its related compounds by Rake, McKee, Pansy, and 
Donovick (1947), and by others Gezon and Pasan (1951) induced a 12- to 
3,500 fold mcrease in resistance m 7 strauis of group A haemolytic strepto 
COCCI after 47 serial plate transfers m mcreasmg concentrations of s^eptomycin, 
neomycm, chloramphemcol, chlortetracychne, or oxytetracychne Gocke 
and Finland (1951) made repeated subcultures of 14 aerobic pathogens on 
solid media and not only induced resistance to chlortetracychne, oxytetra 
cyclme, chloramphemcol, and neomycm, but found also that cross resistance 
had been mduced between various analogues Between chloramphemcol 
and the tetracychnes cross resistance was vanable Induced resistance to 
streptomycm was the moat constant fiodmg. but there was no cross resistance 
between streptomycm and other antibiotics, includmg neomycm, although 
the reverse did not hold true Wnght, Purcell, Wilcox, Broderick, and 
Finland (1953 and 1954) found that resistance could be mduced m staphjlo 
COCCI by repeated subcultures m mcreasmg concentrations of pemcillm, 
streptomycm, erythromycm, and the tetracychnes, and even m certam 
streptococci ResistanceconldbemducedmBtrainsofF coh to streptomvcm, 
chloramphemcol, oxytetracychne, or polyroyim These few examples show 
that there is ample evidence that resistance to antibiotics can be induced 
m almost any organism tn ti^ro As far as the development of resistant 
organisms m the dime is concerned, however, the picture is not so clear 
Apart from streptococci isolated from cases of bacterial endocarditis, resis 
tance m bacteria other than staphylococci has not been so commonly reported 
Dowlmg (1954) stated that resistance m ^ haemolytic streptococci and 
pneumococci, although demonstrated in tUro had not been found m patients 
The explanation given by Dowlmg Lepper, and Jackson (1955) for the fact 
that certain infections seldom, if ever, become resistant, is that the response 
to treatment is prompt and the patient is rid of the infection qmckly This 
does appear to be the case m infections due to pneumococcus, memngococcus, 
^haemolytic streptococcus, gonococcus, rfugellae, and Haenio^)At?M5inJZucna2e 
When the response is slow an opportnmty is afforded for resistance to develop, 
for example, m infections due to a and y streptococci, cohforms, proteus. 
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pseudomonas, Btaphjlococci, and Myco tvberculosia Dowling et al (1955) 
explamed the relapses seen in infections which seldom become resistant, 
such as brucellosis, typhoid fever, and rickettsial disease, as due possibly to 
the fact that some of the orgamsms are intracellular and therefore beyond the 
reach of most antibiotics Whether or not this is so, an increase m the 
percentage of strains resistant to antibiotics among pathogens isolated from 
chmeal material has been observed from year to jear by more than one 
observer For example, Sfeleney and Johnson (1953 6) drew attention to this 
mcrease m the Presbyterian Hospital, New York, and Thomson (1952) 
gave the following figures obtamed over 3 monthly periods at the Royal 
Prince Alfred Hospital, Sydney 
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Similarly, mcreases in the proportion of strains of «, nd y streptococci 
with dimmished susceptibility to peniciUm, streptomj cm, the tetracyclmea, 
and chloramphemcol were observed yearly between 1949 and 1953 by 
Kenney, Johnson,andTatz(l953), and ofF colt A oerogenM, P$ aerugtnosa, 
and the proteus group to each of these antibiotics except pemcillin In 
comprehensive bacteriological studies of chmeal material obtamed at their 
respective hospitals, Jones, Feldman, and Finland (1957), Jones and Finland 
(1957 a and 5), and Rantz and Rantz (1956) observed the changmg sensiti 
vity to antibiotics of ^ anous pathogenic bacteria An mcreasmg proportion 
of strains durmg the years 1949 to 1955 were found to be less sensitive to the 
antibiotics then in use (pemcilhn streptomycm, bacitracm, chlortetracychne, 
and chloramphemcol) than at the beginning of their studies The bacteria 
showmg this tendency included haemolytic and non haemolytic streptococci, 
enterococci Jflicrococcus pyogenes var aureus, Eschenckxa coh, paracolon 
baciUi, and proteus species In spite of this tendency, however, pemciUm 
still remained more artive against haemolytic streptococci in vitro than any 
other antibiotic tested Alone among bacteria subjected to these tests 
pneumococci remamed equally sensitive throughout the years of comparison 

Resistant staphylococcal tnfectwns 

So frequently have resistant strains of staphylococci been isolated from 
lesions m the dime that this problem la dealt with here separately In the 
early daj's of the clmical apphcation of peiuciUm, strains resistant to this 
antibiotic were rarely encountered In 1942 Rammelkamp and Maxon drew 
attention to the existence in clinical matenal of a few strains only inhibited 
by higher concentrations than were required by those isolated before therapy 
began Plough (1945) also made a similar observation and Kirby (1944), m 
mentionmg staphylococci found resistant to pemcillm, described the extrac 
tion of a highly potent mactivator from these organisms Finland (1954) drew 
attention to the fact that before 1946 almost all strains of staphylococcus 
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isolated from patients of the Boston City Hospital w ere inhibited bj 0 I Unit 
per ml of pemciUm Spink (1954) also pointed out that before the earlier 
date only an occasional pemcillin resistant staphylococcus appeared spon 
taneously in cultures By 1952, 25 per cent or more of the strains found 
in the Boston City Hospital vicre inhibited only by 1 to 100 Units of 
pemcillin per ml or more, and by 1954 more than 50 per cent ^ere highly 
resistant (Finland 1955 6) Similar increases in the degree of resistance and 
in the proportion of strams resistant to a given concentration of the drug 
Mere observed with chlortctracycline, oxytetrvcj eline, and erjlhromycin 
D Agata (1957) described the mcreaamg percentage of strams isolated 
from patients m hospital and resistant to penicilhn, streptomycin, chloram 
phemcol, chlortetracvcline, and oxytetracjdine during the years 1054 to 
1950 Domeger and Parenteau (1957), surveying the tendency of staphylo 
COCCI to become resistant to various antibiotics over 3 years, found at the 
end of their 8ur\ey of 650 cultures that relatively few were sensitive to 
penicillm, neomycin and sulfisoxazole, some were still inhibited by the 
tetracyclmes and streptomyem but er^dhromycin and chloramphenicol 
were found consistently to inhibit the great majority of staphylococci sub* 
nutted for tests A further comparative study on the susceptihilit} of 
staphylococci to antibiotics, cam^ out by Elhott and Hall (1957 a), still 
shoM ed the high mcidence of strains resistant to penicillin, streptomyem, and 
the tetracyclmes, hut strams resistant to chloramphemcol and erythromycin 
had already appeared nhile novobiocm, bacitracm, vancom>cm and nco 
mycin still held pride of place amongst antibiotics to Mbich staphylococci 
were consistently sensitive These findings, obtained in different laboratories 
attached to different hospitals, support one another except in the case of 
neomycin The susceptibility of the staphylococcus to this antibiotic is not 
of such practical importance however, as to the others 

Effect of tue tn hospitals on the tactdence of antibiotic restalance 

Followmg this bacteriological survey of the trend of mcreasing resistanco 
in staphylococci to antibiotics it is of interest to observe the clmical impact 
of this phenomenon One of the earhest papers to draw attention to the 
presence of clmical infections due to pemcilhn resistant staphylococci was 
that of Barber and Rozwadonska Dowzenko (1948) Penicillin resistant 
orgamsms were isolated from cases of septicaemia, boils and other superficial 
fesnjns, Aom the fungs, ormc vagma, anof tnii6riVcas of newty- bom oi&rrAr 
All these resistant strams Mere found to be penicillmase producers I\ith 
other widely used antibiotics the incidence of resistant strams rose as the 
drugs became more commonly administered, but with these other antibiotics, 
the increase m resistant strains was more rapid For example, when 100 
strains had been isolated at the Mayo Chnic in the first 3 months of 1951, 

9 per cent were found to he resistant to 6 2 jig per ml of chlortetracy clinc, 
but durmg the last 3 months of the same year 30 per cent were resistant to 
tliLS concentration (Needham and Nichols, 1953) Discussmg the increasing 
number of deaths from staphylococcal uifection m the Royal Children's 
Hospital, Melbourne, Taft (1955) refers to the fact that few cases were still 
responsive to chlortetracy clmc In the earlier part of 1953 the percentage 
of strains sensitive to this drug was 90 6 but, after widespread use of the 
antibiotic, this fell to 74 per cent in the latter half of the same year Cross 
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resistance between cblortetracycUne and o^’tetracychne being so constant, 
the introduction of osj'tetracycbne had bttle effect on the susceptibihty of 
staphylococci Even ^nth chloramphenicol, to w hich resistance was relatively 
infrequently seen, there is some evidence that a similar phenomenon can 
occur Kirby and Ahern (1953) found that during a 9 month period when 
chloramphemcol was used in King County Hospital to a greater extent than 
either of the tetracyclines, 20 per cent of strains were resistant to the drug, 
while in a later period when the tetmcyclmes were more commonly used, 
only G per cent of strains were resistant to chloramphenicol A similar 
increase in resistant strains concomitantly w ith the increased use of chloram- 
phemcol was noted by Koch (1956) The most dramatic figures are those 
given by Lepper, Houlton, Dowling, Jackson, and Kofman (1953 c) for erythro 
mycm Before this antibiotic was introduced in the Contagions Diseases 
Hospital, Chicago, m late 1953, all attains of staphj lococcus isolated were 
inhibited by 0 9b fig per ml of erythromycin One month after the in- 
troduction of this drug for routine use, 17 per cent of the staphylococci 
isolated from members of the hospital staff were inhibited only by 1 pg 
per ml and, during the next 3 months, the mcrease in resistance was so 
marked that 75 per cent of strains isolated were inhibited only by 100 ftg 
per ml 

Such a universal incrca<>o m resistance to antibiotics requires some ex- 
planation It ^vas thought at one time that phage typing of staphylococci 
might reveal one which had a greater tendency to become resistant than 
others Most of this work was done anth penjcillin and the majority of 
strains isolated from different hospitals in England were found to belong to 
the same group (Barber and Whitehead, 1949) Similar work was carried 
out bj Clarke, Dalgleish, and Gillespie (1952), Wallmark (1054), FusiUo and 
his collaborators (Roerig, Metrgcr, FusiUo, and Ernst, 1953), Jackson, 
Dowling, and Lepper (1954), and Knight and Holzer (1954) By the tune 
these reports were made most of the strains were found to be resistant not 
only to penicillin but also to streptomycin and the tetraej dines, and the 
majority belonged to group III phage type However, there was other 
evidence which did not support the view that a particular phage group was 
associated with acquired resistance to antibiotics It was showTi expenmen 
tally that one type of staphylococcus could be implanted on another m 
ctrfrtrre, and take its p/ace coropfcteiy, yet tryseAnrtrre strbtfai’tare witA a 
suitable antibiotic the original staphylococcus could again be isolated 
(FusiUo, Carroll, and Ernst, 1955) Metzger, FusiUo, Roeng, and Ernst 
(1954) went so far as to state that resistant staphylococci were pnmanly 
associated with cross infection, one type of staphylococcus replacing another 
These authors used phage tj^img as a means simplj of recognizmg when one 
stram had replaced another (Fnsillo, Roeng, Metzger, and Ernst, 1954), 
they did not, however, consider that one particular phage type was more 
likely to develop resistance Many other workers subscribed to the pomt of 
view that cross infection plays a part m the spread of strains resistant to 
antibiotics, for example, C3arke, Dalgleish, and Gillespie (1952), Blowers, 
Mason, Wallace, and Walton (1955), Newlham and Nichols (1953), and 
Silberstem (1955) Another study wluch made it easier to assume that cross 
infection played a large part m the increasmg prevalence of antibiotic 
resistance was that made by Caims and Summers (1950) These authors 
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found that the proportion of open lesions containing penicillin resistant 
staphylococci increased during the period of hospitalization, whether or not 
the patients had received penicillin When a study v as made of the incidence 
of antibiotic resistant strains m fresh lesions first examined in tho out 
patient department of St Bartholomew’s Hospital, London, it was found 
that resistant strains occurred far less frequently than m patients in tho hospi 
tal, where tho mcidence of such strains was CO to 75 per cent Bimstmgl, 
Shooter, and Hunt (1952) found that 10 per cent of 200 strains isolated 
from out patients w ere resistant to penicillin but none was markedly resistant 
to streptomycin, chloramphenicol, or the tetracyclmes Three years later, 
Rees, Shooter, and Shawe (1055), on cxamiiung another 200 lesions in the 
same chmc, found that 21 5 per cent had become resistant to penicilhn but 
there was virtually no increase in the proportion of strains resistant to tho 
other antibiotics Such a slow mcrcase m resistance could he explained in 
part by the findings of Don Img, Lepper, and Jackson (1953) These authors 
exammed snabs from the noses and throats of 54 patients over a number of 
n eeks before and after discharge from a contagious diseases hospital and also 
swabs from their household contacts At discharge 40 of the patients 
harboured staphylococci, and 35 of these were resistant to penicillin Four 
neeks after returmng home, however, the number of resistant strains had 
dropped to 14, which approximated the proportion of resistant strains found 
m the household contacts \\ ith chlortetrai^ chne the proportion of patients 
carrymg resistant staphylococci, although somewhat lower, followed tho 
same trend In 7 of the 54 famthes a hospital strain of staphylococcus was 
found to have been transferred to a household contact, while the reverse 
occurred m 10 families that is tho strain was transferred from a member of 
the household to the patient These findings do not rule out tho possibility 
that resistance of an organism to an antibiotic may be acquired by continued 
exposure of the organism to the antibiotic over a period of time, but they 
do show that transference of the staphylococcus from one contact to another 
13 possible and does in fact occur It seems plausible that resistant strams, 
however they anse originally, are much more likely to be transferred Jrom 
one person to another in a hospital, where the resistant bactenal population 
IS high, than m the home, where it is relatively low Nevertheless the fact 
that as many as 30 per cent of household contacts were carrying resLstant 
strains is a warning that not only the inmates of hospitals hut the general 
pcfi^tjon ths msjiBS pf spveadujg jvsisisst sijsjjis IDwjf JivJ? 

a reservoir does already exist is mdicated by the tests earned out on 200 blood 
donors by Rountree Freeman, and Barbour (1954) Forty nine per cent 
of these people were found to be nasal earners of staphylococci, and of these 
13 4 per cent earned penicillin resistant strams an increase of C per cent 
over the mcidence found 3 years previously By December 1951 another 
samplmg of 101 nasal carriers among 200 donors showed that the mcidence 
had still further mcreased to 25 7 per cent (Rountree and Rheuhen, 1956) 
This seems an extraordmanly high mmdence In studymg the source of 
resistant strams, Hmton and Orr (1957) cultured samples taken from the 
anterior nares of out patients, m patients and staS*, and from dust, m Kings 
ton Hospital, Ontario, as well as from students not attached to tho hospital 
The highest percentage of resistant strains was found among m patients and 
hospital staff, less in the hospital dust and m out patients, and least of all 
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among students ■who were not associated with the hospital In these, corre 
spending to the population of blood donors studied bj Rountree and Bheuben 
(1956), the percentage was no higbm* than 6 5 resistant to penicillin, still 
less to tef rac^ clme, and there \rere none resistant to chloramphenicol or 
erythrom^ cm Hmton and Orr commented, however, on the mcidence of 
resistance depending on the amount and type of antibiotic most in use 
In one respect strains resistant to pemcillm differ from those resistant to 
other antibiotics Rcmcilhn resistant strains produce an enzyme which 
destroj’s pemcillm This tj^pe of organism was found to occur naturally 
before pemcillm was used so widely (Kirbj, 1944), but strains in which 
resistance to pemcillm -was induced expenraentally have not been found to 
produce penicillinase This would be an argument in favour of the spread of 
resistant strains being duo to cross infection from the ongmally rare case 
harbourmg a pemcillmase producer The many studies on the problem of 
acquired resistance have shown that when aa orgamsm is sensitive to pern 
cilhn it 18 sensitive to aery low concentrations, seldom exceeding 1 Unit 
per ml , but ■when an organism is a peniciUinase producer, no defirate 
concentration of the drug will destroy it (Finland and Haight, 1953 and 
Barber and Burston, 1955) From these findings one may infer that the 
prevalence of penicillin resistant staphjloeocci may have resulted from the 
selective multi pb cation of the ongmally rare strains of pejucillmase producing 
staphylococci The propagation of such strains has been encouraged b} cross 
mfection but another factor encouraging their dissemmation is the presence 
m the atmosphere of demonstrable amounts of antibiotic Work on these 
hnes has been earned out by Gould (1057), who showed that the amount of 
penicilhn recovered per cubic foot of air m rooms of a factory was related to 
the amount of preparation of pemcillm m each room All strains isolated 
from the anterior nares of membra of the factory were resistant to pemcilbn, 
whereas not more than 12 per cent of the population outside the factory 
were carriers of these strains Such conditions can be expected to exist m a 
general hospital where there is much preparation and handling of antibiotic 
material By this means of dissemmation inhalation of antibiotics can 
become a common event providing another means of selectively elimmatmg 
sensitive strains and alloiving those which are resistant to multiply 

Clinical sjjmi&vinre avJJbjt^tc. rcxwtant ftlaphjdococci 
So long as a staphylococcus is known to be susceptible to one or another 
antibiotic, appropriate chemotherapy can be applied There remam the 
infections on which no antibiotic can make an impression That these exist 
cannot be denied, yet it is not so ea^ to find examples of irreparable damage 
caused solely by a completely resistant staphylococcus Added to the neces 
sity of administering the antibiotic at the earliest possible moment after 
infection has become apparent, other requirements for successful therapy 
are the removal of dead tissue such as pus, sloughs, or sequestra, and the 
ensuring of full access to the infected tissues IVhen these desiderata are 
fulfilled, recovery from the infection should follow When however, all these 
provisions are not ensured there is ample evidence that resistant staphylococci 
are associated inth serious patholc^cal conditions For example, there is 
the rising incidence of mfertion in clean post operative wounds reported 
by Howe (1954), the majority of whidi were due to penicillin resistant 
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fitaphj lococci an outbreak of pemphigus neonatonjm ma raatcmitj hospital, 
outbreaks of post operate e «ouml infections in 101 > resistant to jicnicillm 
(Shooter Taalor Hhs and Ross 1916) in IOjG resistant to pcmcillm 
Btreptomjcin and tctracjclinc — and after the^ had been used to chloram 
phemcol and erjihramjcin (Shooter GrifTitha Cook, and l\ilhams 19 >7) 
In nursenes and maternity hospitals a minor epidemic of pcmphlifus 
neonatorum due to a pcnvciUm resistant staphs \ococcus (GiUcspve Pope 
and Simpson 19 >7) and pjoilcrma and mastitis resistant to pcnitillin 
strcptomjein and tctracjclinc (Wjsham Mtilhcrn Jsavarre Ijv\eck 
Kcnnan and Ciedt (19o7 n and b) base been described Fatal broncho 
pneumonia resistant to pcniciUm an<I streptomjem has liecn described bj 
Gresham and Glceson \\ hite (19>7) (see big 8oand6) and bj Harlcs (19c>7) 
Loll and Street (I9o7) and Xonllind and Ilonlen (I9jr) each described a 
case of septicaemia resistant to conimonK used antibiotics So senous and 
60 prcaalent had these staple lococcal infections liceome that vsham and 
Kirby (19o7) conducted a stiidv of all patients admitted to the Cook Countj 
Hospital betneen JsoacmliCT l9o» and the end of bchruarj 19oG who had 
staphjlococcal infectiorts on admission acquired it while m hospital or de 
vclopcd It during CO dajs after discharge In Has waj thej found ncarlj 
twice as man\ acquired the infection in hospital as were admitted with it 
and a sizeable proportion do\ clopc<I it later flic figures u ere as followa 

Mm tt«J with slnpt jlococcal infection 

Acqutreti utapt j IoooccaI infection in ho«p Ini 100 

Dci eloped Ktnphjiococcol infect on in CO dnj-s arier «J wl Si 

Judged bj the mortality those acquired in hospital were most senous, the 
number of deaths being 2 21 and 1 rcspectnelv Twentj six infections 
acquired m hospital followe<t operation in which there were o deaths 12 
patients develop«l pneumonia with 8 deaths and m 17 cases with skm 
infectioas burns or decubitus ulcers 2 dcreloped septicaemia and died In 
all these cases the staphjiococcal infection was considered at least as a conlri 
butorj cause of death Onlj 3 infections were sensitne to all the antibiotics 
against which thej were tested 20 a^crc sensitive onlj to bacitracm while 
others showed varying patterns of resistance the majority being resistant to 
pemcilhn streptomycin and tbe tefracyclmes 

CkimpUcations of therapy 

It appears from experience to date that no antibiotic is free from complica 
tions of some sort and it is necessary before prescribing treatment for a 
particular tjqie of lesion to weigh up the advantages and the disadv antages 
which may follow the use of any particular one The complications which 
have received most attention are those due to sensitization to added infection 
fungal or bacterial in origin to gastro intestinal disorder or to toxic plieno 
mena In a survey earned out from late 19o3 to early 19o7 by H elcli Lewis 
Hemstein and Boeckman (I9o7 b) more than SoO hospitals in the United 
States were mcluded and over 1 600 attending physicians interview cd regard 
lug the reactions to antibiotics which they had seen Three thousand four 
hundred and nineteen case histones were presented of which nearly a thud 
were life threatemnt^ These could be divided into categories according to 
the type of disorder and the antibiotic most usually associated with it They 
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were anaphylactoid reactions — 809 cases for which penicillin preparations 
were mainly responsible , supennfections (mainly of the gastro intestinal 
canal) — 107 cases in Mhich the tetracyclmes played the major role blood 
dpcrasias — 40 cases in tho groat majonty of which chloramphenicol alone 
or inth other antibiotics w as implicated , skin reactions — 70 cases and angio 
neurotic oedema — 38 cases m winch pemcilhn again was the major factor 

Sensidzatton 

Sensitization, in tho form of rashes urticaria, angioneurotic oedema 
serum sickness, or anaphjlaxis has been most commonly met with after the 
administration of penicillin Allergic reactions to novobiocm have also been 
frequently reported m its early dinical trials The extraordinarily widespread 
use of penicillin may be responsible for this, the fact that it is stdl most 
frequently gi\ on parentcrally or the possibility that it has in its composition 
some particularly strongly sensitizing factor Kekwick (1956) considered 
that the frequency of severe reactions in this country was of the order of 
2 per cent during the first 9 years of the dmusil use of penicillin, but claimed 
that m the next 2 years m 16 per cent such reactions had been reported 
Hams (1954) also commented on the increasing frequency of anaphylactic 
shock follomng penicillin yetwbenWdchdol (1957 5) stated that 2 J million 
lb of antibiotics 38 per cent of which was perucillm were produced m the 
United States m lOoO representing a steadily rising annual total smee 1953, 
the increasing frequency of reactions is not surprising Fortunately, these 
reactions seldom appear on first exposure to pemciUin and they are more 
likely to occur in patients who have a post history of allergy, such ns asthma, 
hay fever, or skm reactions It is possible however, that sensitization may 
be induced in people from tlie ingestion of dairy products From several 
surveys of milk samples, the last completed in January 1956, Welch (1957) 
reported that 3 to 1 1 per cent of milk samples contained up to 0 55Unit per ml 
of pcmciUin — derived from cows treated with pemcillm for mastitis Although 
no proven case of allergy had arisen from this source, the possibility cannot 
be overlooked The clinician can be thus forciranied and can choose another 
antibiotic more suitably given by mouth if there is any doubt about the pos 
sibility of producing a sensitization reaction 

Sensitization reactions have also been recorded occasionally wath anti 
biotics other than pemcillm Monnet, Froment, and Traeger (1950), for 
example describe the case of a patient mth subacute bacterial endocarditis 
in whom pemcillm failed to stenhze tlie blood The patient was then given 
4 Q of chloramphemcol in 2 hours Several hours later the patient collapsed, 
became dyspnoeic, pale, and cyanosed, and died on the same day At post 
mortem no mtra cardiac thrombosis was found to account for death, but it 
IS possible that the gross vegetations on the aortic valves might have temper 
arily blocked a coronary artery while the heart was m diastole Nevertheless 
there was no sign of the myocardium being altered m anyway Pulaski (1950) 
and Finland and Weinstein (1053) mention the occurrence of sensitization 
reactions after the administration of diloramphemcol or tho tetracy clines 
They have also follow ed the use of streptomycin 

Gastro tntesltnal complications 

These have received considerable attention since the introduction of the 
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tetracyclines into clinical medicine Tli^ are not, however, confined to the 
tetracyclmcs but maj arise after the administrition of any antibiotic lor 
example, Pulaski (1950) described gastro intestinal complications following 
the administration of chlortctracjcluie, oxj'tetrac^ clmc, and ‘other anti- 
biotics’, Bacaj and Pitzurra (1935) and Cliorcmis, Tscngi, and Economou 
Mavrou (1954) following penicillin, strcptonijcin, chloramphenicol, and 
chlortetracj dine , and Ciiningham and Beaven (1955) following chlortetn 
cjcline, pemedhn strcptomjcin and oxytetracjcline, and cr^’thromjcin It 
IS questionable whether this complication begins as a direct irritation of the 
mucosa of the gastro intestinal wall on which an infection is supcrimposwl, 
whether it is duo at first to sensitization, or whether the infection is the 
immediate cause Some investigators attribute the gastro intcstmal irritation 
to vitamin deficicncj caused by the removal from the gastro intestinal canal 
of organisms which are responsible for the s^mthcsis of certain vitamins 
This 13 not proven according to Finland and Weinstem (1953), except m the 
case of chlortctracj chne, the administration of which causes increased loss of 
nboflavine, but no further evidence m favour of tbo hypothesis has been 
found by Goldsmith (195G) In many coses treated by the tetracyclines tbo 
stools become bulky, soft m consistency, and have a peculiar odour These 
changes however, arc not of very serious consequence and stop with thedis 
continuance of the drug Other patients liavc more severe symiptoms, with 
persistent watery diarrhoea leading to dehydration and collapse From the 
faeces of these latter patients various bacteria have been isolated, for example, 
Staph aurevs, proteus, or pseudomonas (Cook, Flhott, Flbot Smith, Frisby, 
and Gardner, 1037, Fmland and Wciastcin, 1953, Girard, Fraissc, and 
Simon, 1054) In other cases the onset is fulminating and death, m spite of 
supportive treatment and even cryiliromy cm therapy, may take place 
within 24 to 36 hours Such cases have been described by Fowler (1935), 
Frame and Short (1955), Fredenksen (193G), Nndor and Cdman Lopes 
(1937), Scholz (1955), Spearo (1954), Squirra and Foote (1954), Tcrplan, 
Paine Sheffer.Egan, and Lansky (I933),^ay6cn, Eriksen, Pischermann, and 
Knudsen (1955), and Todd and Hopps (1953) The severe complication is 
generally ascribed to an enterotoxm producing staphylococcus In support 
of this hypothesis Surgalla and Hack (1935) isolated staphylococci from the 
faeces of 33 patients with ententis and tested the products of the organisms 
on monkeys They found that 30 of the strains produced enterotoxm 
•2K.i'urAV/i‘i ^ ^ tiA 

tetracyclines into medicme, there have been instances where the administra 
tion of other antibiotics has been a forerunner of the condition For example. 
Frame and Short (1935) describe a patient with enteritis following the removal 
of a ruptured gangrenous appendix This patient at first received only 
pemciUm and streptomycm intramuscularly "IFhen, how ever, after a second 
operation these drugs were replaced by oi^ctracycbne, the patient’s condi 
tion deteriorated and death followed on the day after operation m spite of tho 
administration of erythromycin, mtravenous fluids and yoghurt Staphylo 
COCCI m. this patient were isolated from the throat, intestine, blood, and 
viscera, and were resistant to pemciUm chlortetracycbne, and oxytetra 
cycime Fowler (1955) also describes 3 cases m which severe diarrhoea 
associated with resistant staphylococci m the intestme occurred after opera 
tion In these patients the only chemotherapy given before the complication 
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occurred iras streptotnj cm and procame pemciUm Simdarly, one of the 
patients described by Todd and Hopps (1955) had only received pemcilhn 
and strcptomjcin before a partial gastrectomy which vas followed by the 
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Fia Oa Pulse tei&p«Tsture, and tmtput chart of a patient following subtotal colec 
tomy for uloerative coUtu The diaraetenstic signa of staphylococcal enteritis t e 
abdonunal distension elesstion of pulse and tenperature ohguxia and tbo outpounng 
of gastro intestinal exudato appeared on the Srd to 6th day The patient died on the 
5th post operative dayi the disease unrecognized ond untreated 
(From Turnbull, J Amer med Att 1957, 164, 756 ) 

enteritis It is of mterest to note how many of the examples given above have 
followed abdommal operations Tbg 9o and 6 shotvs the increasing abdominal 
distension, pulse rate, temperature, and disturbance of fluid output produced 
by this type of enteritis and, m Fig 96, the effect of siutable earlj' manage- 
ment Fig 9c and d shows the macroscopic and microscopic appearances 
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of the complication m the gut A case could therefore, he made out that the 
operations were responsible for the onset of the enteritis Dixon and Weis 
mann (1948) describe 23 cases brou^t to autopsy between 1940 and 1947, 
a time when httle clmical use had been made of antibiotics It is, however, 
w orthy of note that v- here the predominant organism m the aUmentarj tract 



DAYS AFTER SURGERY 

Fig Foat operative course of nlceraltve cobtu in a man aged 42 treated with Oxy 
tetracycline streptomycin pemcillin salicylazoaulfapyridine and cortiaona for 1 month 
crAedomy TTeBtmenV t>f dranbora — armbitAic* djswn rt irmeA BZ>d 
erythromycui given intrsmuscularly Pesult — much chnical unproi ement ui 12 hours 
(From TumbuU J Amtr mtd An 1957 1 64, 756) 

has been isolated it has been found to be resistant to all the antibiotics with 
which each patient had previously been treated 

Complications arising m other parts of the alimentary tract have been 
described by Merhss and Hoffman (1931), Hams (1934), and Turcll and 
Maynard (I9o4) Turell and Maynard collected 13G such cases These in 
eluded pruritus am (with or without accompanjTng diarrhoea), or pruritus 
with anogemtal soreness One hundred and twentj five of these cases 
followed the use of chloramphenicol or the tetracyclines, but 11 followed the 
use of erythromj cm The fact that none followed pemcdlm or streptomj cm 
may simply be an mdieation of the small use made of these 2 antibiotics m 
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tLe cJjnjc of tlicse workers Sonilar proUeins in treitment ha^e been de 
scribed by other workers to whom reference has been made 


Superadded bacterial infection 

Infection due to orgamsms insusceptible to the antibiotic being used has 
been observed since the early dajs of penicilUn therapy The superadded 
infection w as readily rccogmzed for the bacteria w ere usually Gram negative 
rods and easilj distinguishable from the Gram positive bacteria which were 
mainly responsible for the original infection being treated (Florey and Cairns, 
1943) At that time these Gram negative orgamsms were not considered to be 
serious invaders of tissue, hut at a later date « hen some of them were found to 
resist the action of the tctracyeUncs, especially m urmary tract infections, they 
were considered to be a much more serious problem Still later, antibiotic 
resistant staphylococci were found to be associated with tj’pical chnical 
scarlet fever m patients being treated for pertussis (Finland, 1951) Finland, 
Jackson, Kass Haight, and Womack (1951) also found resistant staphylococci 
associated with the appearance of grossly purulent sputum m some patients 
being treated for respiratory tract infections Hofor and McCaskey (1954) 
observed relapses associated with the appearance of resistant orgamsms in 
infections undergoing antibiotic therapy These authors questioned Avhetber 
the appearance of the resistant orgamsms was duo to their selective groivth 
in the presence of the antibiotic or whether some alteration of the tissue 
response had been produced by the disappearance of the primary invaders 
Keefer (1051), however, was of the opimon that the change m the flora 
durmg the admimstration of an antibiotic was independent of its effect on the 
specific organism responsible for the original mfecUon, but depended on the 
survival of organisms originally present but insusceptible to the drug on 
the development of resistance m these strains, or on the introduction of new 
etrams from outside 

The incidence of superadded infection in medical ivards devoted to infec 
tious diseases was studied by Weinstein, Goldfield, and Chang (1954) These 
authors observed 3 095 patients passmg through their hospital and estimated 
the incidence of superadded infection to be 2 19 per cent However, this 
incidence was as high as 12 to 15 per cent in patients who were treated with 
streptomycm, chlortetracyclme, or oxytetracychne Usually the superadded 
infection occurred at the site of the primary disease but in j oung children 
it sometimes also appeared m the lungs or middle ear The responsible 
bacteria were usually staphylococci, Haemophilus xnfiusmae, or cohdoims 
Sometimes the secondary infection w as more serious than the original disease 
This raised the question whether antibiotics should be used in conditions 
such as measles or pertussis Bronebopneumoma, urmary tract infection, 
and meningitis had in some cases been superimposed on the primary disease 
This was noted as early as 1947 (Weinstein) when only pemcilhn and 
streptomycm were in %videspread use In 1955 this author had found that 
as many as 30 4 per cent of children admitted mth measles, and having 
been previously treated ivitli antibiotics, had developed some secondary 
bacterial disease — twice the proportion of those who had received no pre 
vious antimicrobial therapy 

Fungal infections Geiger, Wenner, Axilrod, and Durlacher (194fl) drew 
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attention to the fact that a lesion undergoing antibiotic treatment might 
become infected with Candida aUncans This infection was observed m one 
patient with endocarditis who had received 2 courses of peni cillin When 
death supervened Candida albicans was cultured from the heart valves 
Cawley (1947) also reported on a child of 8 years who had had repeated 
exacerbations of pulmonary aspergillosis smce she was 2 weeks old When 
peniciUm and Bulphonarmdes were adopted for her treatment, dissemma. 
tion of the condition occnired thronghout the body, resultmg m death 
Neither of these reports constituted unequivocal evidence that the fungal 
infection was instigated by the antibiotics, hut these ca^es none the 
less gave cause for alarm In a patient with influenza hemg treated by 
pemcillin, Grekm, Cawley, and Zheutim (1950) noticed the appearance of 
thick purulent sputum together with patchy exudate on the oral mucosa 
This marked the beginning of a fatal disease, and these authors considered 
that the administration of the peniciUm was responsible for the -mdespread 
dissemmalion of this fungal growth Reiches (1951) next demonstrated 
mondial overgrowth in the penanal region of a patient receiving chloram 
phemcol, chlortetracyehne and oxjdetracychne, and Shnglej and Eowson 
(1951) reported a heavy infection of the urine with C albicans following 
treatment of cj’stitis with penicilhn, streptomycm, and chloramphemcol 
The most common site for mondial overgrowth is, of course, the mouth 
Woods, Manning, and Patterson (lOol) descnbed the occurrence of sore 
mouth and throat, hairy tongue, and clinical thrush 24 to 72 hours before 
the fungous infection became manifest This sometimes appeared as areas 
of whitish exudate and involved the soft palate, uvula, aryepiglottic folds, 
pyriform fossae, and the oesophagus Such manifestations have been seen 
m 20 patients who received pemcdlm or chlortetracjcline as troches or 
sprays, or pemcdlm and streptomycm parenterally Besides invading the 
mouth, the fungal infection is apt to spread down mto the lungs nod infect 
pulmonary cavities Observations of this sort have been made by Abbott, 
Fernando, Gurlmg and Sleade (1952) and Stenderup, Bichel, and Kissraeyer 
Nielsen (1956) It is also possible, under the influence of antibiotics, for the 
fungi to mvade tbe gastro intestinal canal (Neuhauser, 19^} and, os men 
tioned above, the blood and valves of the heart (Zimmerman, 1950) No 
antibiotic lU general use at present is free from this possible complication, 
but nystatin used specifically for the suppression of raomha seems to be a 
successful antidote 


Toxic manijestations 

Fortunately these are uncommon in tbe widely used antibiotics No toxic 
phenomena ha\e yet been associated inth pemcdlm, although it has been 
reported by Bateman, Barbeno, Grice, KIopp, and Pierpont (1952) that 
death ensued m a dog when the semm concentrations produceil expenmen 
tally reached 4 000 Umts per ml The cause of death, however, is not stated 
Changes m the kidneys ha\e been reported following bacitracin and poly* 
myTtin B and neomyem Nenrotoxic maiufestatioas are common ivith 
streptomycin, dihydrostreptomyem and neomvcm, the drug m tbe first 
instance attacking the vestibular branch of the Sth cranial nerve and, in the 
case of dihydrostreptomyem and neomycin, the auditory branch Dcletenous 
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effects on the central nervous system amounting sometimes to convulsions 
have followed administration of cjdosenne, transient ataxia and paraes- 
thesiae ha\e been noticed with polymyxm B, but these have not been serious 
m patients in whom the dose was kept down due to the appearance of renal 
symptoms Changes in hverfunctionhave been described after the admimstra 
tion of high doses of the tetracycbnesor diloramphemcol (Yesner and Kunkel, 
1951) There have been many Btutbes on the alteration of clotting, prothrom 
bm, and bleeding times following the admmistration of various antibiotics, 
but effects on blood clotting only occur at concentrations well above those 
required for therapeutic purposes (Seegers, 1951) Lcucopema and agranulo- 
cytosis have followed administration of streptomycin, chloramphenicol, and 
chlortetraeychne, and aplastic anaemia and bleeding syndromes following the 
use of chloramphenicol and even ovj^tracychne Deaths have been reported 
following chloramphemeol, although it cannot be stated uneqmvocally that 
these were due to the antibiotic Their degree of toxicity is such that only 
local apphcations are justifiable m the administration of tyrothncm and the 
amphotericins, oral administration and local application are justifiable in 
those toxic antibiotics which are not readily absorbed from the gastro- 
mtestuml canal such as framycetin, bacitracm, poIymjTcm, and neomycin , 
and parenteral administration can be given mth suitable precautions for 
infections which respond to no otherdrogm the case of bacitracin, polymyxin, 
and neomycin The toxicity of the antibiotics such as the tetracyclines, 
chloramphenicol, erythromycin, carbomycin, spiramycin, and novobiocin is so 
low that their ready absorption through the gastro mtestmal canal enables 
them to be administered by mouth with little fear Those which are not so 
absorbed — vancomycm and nstocetm — appear as yet to have few untoward 
effects from intravenous administration 

Of the remamder, clmical tnab have as yet been too few to recommend 
any with assurance for treatment 

Prevention and treatment of complications 

Obviously, if it IS possible to avoid these vanous complications by wise 
choice of an antibiotic, this la very much to be preferred to attemptmg to 
treat the comphcations after they have appeared Except for prophylaxis 
for rheumatic subjects against haemolytic streptococcal infections and the 
few days of pre operative preparation belbre towel surgery, it is doubtful 
whether any routme prophylaxis with antibiotics is justifiable m view of the 
widespread opportunity it gives for the development of infection -with 
antibiotic resistant organisms In surgical \vards, at least, limitation of anti 
biotics to therapeutic measures would reduce their use to a fraction of the 
present amount 

SeTistitzaUon 

This mainly concerns penictUui Since these reactions veiy seldom anse in 
patients on the first admmistration of the drug, it seems safe to give at least 
a first course of penicilhn However, no one should receive penicilhn therapy 
before inquiry has been made into a possible history of allergy and whether 
there has been previous treatment wi^ the antibiotic If previous treatment 
with pemcilhn has been accompamed by any type of reaction it is preferable 

B 7873 o 
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to use another suitable antibiotic, or, t£ pemcilbn G has been used previously, 
pemciUm 0 can be tried m a small dose first, followed later, of no untoward 
reactions occur, by therapeutic doses With the introduction of penicilhn 
for oral use, this route would seem to be another means of circumventing 
sensitization reactions Dihydrostreptomycm fortunately can replace strepto- 
mycm m nearly all instances 

Once a reaction has occurred the antibiotic should he discontmued un 
mediately and, if possible, a substitute used If the reaction is hmited to the 
skin, antihistamine drugs should benefit the patient, but when a delayed type 
of reaction occurs which mvolvea joint, glandular, or renal manifestations, 
the antihistamme drugs are not of any value In these cases, cortisone or 
corticotrophm are sometimea of value There is also the possibihty that 
pemciUmase may control the reaction providmg pemcillm is the exciting 
factor When the reaction is so severe as to be considered anaphylactic, 
urgent measures should be taken Adrenahne (0 1 ml of 1 1,000 solution) 
should he given subcutaneously and followed by further subcutaneous injec- 
tions every few minutes until 1 ml has been administered, provided the 
pulse rate does not nse too rapidly Occasionally tracheotomy is required 
when oedema of the glottis and epiglottis occludes the air way The injec 
tion of adrenahne and tracheotomy are emergency measures, and the neces 
sary apparatus should he at hand for immediate use if required Wheu the 
reaction is less severe, mtermittent mjections of adrenaline, or ephednne by 
mouth (50 mg 3 tunes a day), can be given When the patient has obtained 
rehef, cortisone or ACTH treatment for some days may help to relieve the 
reaction 

Recently penicillinase, an effective inactivator of pemcillm, has been 
introduced as therapy by Becker (1956) Sensitization reactions which persist 
for days or weeks may be held m check by more rapid methods until pemcil 
Imase has had tune to ehmmate all residual pemcillm m the body A Umt of 
pemciUmase is that amount which inactivates a Unit of pemcilhn in a given 
time and a few thousand Umts repeated m several hours mactivate many 
times this amount of pemcillm In experimental work the blood can be 
cleared of pemcillm within an hour but m chnical practice, when pemcillm is 
already in the body, 24 hours to 4 days are required to complete the effect 
(Lancet, 1957) Durmg this time more rapidly actmg preparations can be 
used to counteract the aUergic manifestations until the patient experiences 
more permanent relief 

It 13 also possible, when the reaction has subsided, to desensitizethe patient 
by increasing doses of the antibiotic Desensitization should be begun with 
the smallest amount which produces no reaction, given intradermally or by 
mouth When an antihistamine is added to each mjection it has been found 
possible to hasten the desensitization (Balme and Dormer, 1954) With 
pemciUm at least, there are phases in the allergy, and it is sometimes pos 
Bible, without any precedmg desensitization, to give another course of the 
drug without produemg a reaction However, this is a nsL that would hardly 
be run except m the most special ctrcumstances 

Gastro intestinal disturbances 

Obviously the lowest dose compatible with effective treatment is the 
desideratum when admimstermg antibiotics by mouth To prevent these 
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disturbances several possible lines of action have been tried Firstly, prepara 
tions have been used vrhich enhance the absorption of the tetracyclines and so 
enable one to prescribe a lo^>er dose Such a preparation was descnbed by 
Kaplan, Dickeson, Hubei, and BuelnraUer (1957) This was a tetracycline 
phosphate complex, a crystalline salt, soluble in water to the extent of 
3 to 5 mg per ml but muchmoresomartificialgastncjuice Its antibacterial 
range was identical mth tetracycline but its activity only 76 to 80 per cent 
of that of the hydrochloride Equivalent doses, when described m terms of 
the activity of the hjdrochlonde, produced almost twice the concentration 
m the blood serum of human subjects These claims were substantiated for 
tetracyclme, oxytetracychne, and chlortetracychne by Welch and his col 
laborators (1957 a, 6, c, «, and /), who also showed that a mixture of antibiotic 
with sodium hexametaphosphate was at least as effective as the complex 
phosphate salt Correspondingly higher levels were also found by Pulaski and 
Isokane (1957 6) in certain body fluids such as bile and prostaticflmd Cimical 
tnals' showed that the complex or mixture was therapeutically satisfactory 
m a dose equivalent to half that in common use with the antibiotics alone, 
but without control senes it was difficult to decide whether the mcidence of 
gastro mtestinal reactions had been lowered UndoubtedlytheystiUoccurred, 
possibly less frequently An agent still better able to facilitate absorption of 
the tetracyclmes was citric acid (Dearbom, Litchfield, Eisner, Corbett, and 
Dunnctt, 1957 Sweeney, Hardy, Dornbush, and Ruegsegger, 1957) So far 
no clinical trials of a mix ture of this and a tetracyclme have come to the 
author s notice One disadvantage of the commercially prepared meta 
phosphate preparation was the presence of an excipient (dicalcmm phosphate) 
which depressed absorption However, even when this was omitted from 
trial preparations, Welch and Wright (1957 a) still found that the meta 
phosphate did not enhance absorption to as great a degree as did citric 
acid 

Another method of dealmg with gastro mtestinal disturbances depends on 
the behef that these are caused by the supervention of infection due to anti 
biotic resistant bactena These are kept m check by the normal flora of the 
gut but when these in their turn are held m check by antibiotics, a free field 
13 left for the resistant pathogens On the assumption that certam saprophytic 
organisms can adopt the function usually practised by the natural intestmal 
flora, Gordon Macrae, and ^Vheater (1957) followed the example of Loh and 
Baker (1955) and used m chmeal trials a preparation contaimng Lactobacillus 
acidophilus to which were added complete growth factors and nutrihtes 
known under the trade name of Enpac The lactobacillus had first been 
made resistant to pemcilhn, streptomycin, chloramphemcol, neomjem, 
the three tetracyclmes, and erythromycin These workers studied the efiect 
of administering the preparation to children (3 G 4 times a day during and 
for 4 days after tetracyclme) Tetracyclme was given m a dose of 10 mg 
per kg of body weight daily for 5 days On making bacteriological examina 
tion of the stools of 66 patients, of whom alternate ones received Enpac, 
Gordon et al found that staphylococci mitially increased m numbers but, 
m those receiving Enpac, simultaneously with the increase m lactobacilh, 
there ■was a pronounced drop m the staphylococcal count There was no 

^ Crook and Naumann (1957) Rem and FIeis<^ima]er (1957), Frigot, Shidlovsky, 
and Fein (1957) Putnam (1957) 
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demonstrable effect on enterococci or cobfonn baciUi These results were 
satisfactory from the bactenological point of view , and from the clinical 
aspect there were no bowel or other side effects Nevertheless, takmg 
mto consideration that treatment only lasted for 5 da^s, the absence of 
imtation of the gastro mtestmal canal in either controls or treated cases 
leaves the test lacking m corroborative dmical evidence of the beneficial in- 
fluence of Enpac 


Insusceptible superadded infection 

The means used to prevent this depend largely on the interpretation of 
how the infection is pnxiuced If it is a matter of the selective action of the 
antibiotic allowing organisms not originally evident in a lesion to grow more 
rapidly once the primary mvader is controlled, it seems possible to eniisage 
treatment with a succession of antibiotics effective against each organism m 
turn If, however, superadded infection is a matter of cross infection of a 
resistant strain from one member of a ward to another, much stricter precau 
tions than are now practised should be taken to prevent this occurrence As 
resistant staphylococcal infection is the most scnous problem m this respect, 
It IS of great interest to know how far cross infection can be prevented by 
measures already known, such as the isolation or spacmg of beds, the wearing 
of impermeable masks by the nursing and medical staff, the oilmg of blankets, 
floors, and walls, and the use of ventilation fans to draw bacteria laden sir 
downu ards out of reach of the lesions of the patients Where a surgical u ard 
IS concerned, no touch technique for the dressing of wounds, involving a team 
of dressers each intb a special function, has been m practice m several umts 
where cross infection m the ward has not been promment In the theatre, 
however, where large open wounds are made, the opportumty for the mtro 
duction of pathogenic bacteria mto the tissues is considerably greater Where 
a resistant and pathogemc staphylococcus has gained access to a hospital and 
has become prevalent among the hospital staff, cross infection is patiicuhrly 
difficult to control Although this problem is not insuperable, it is bejond 
the scope of this volume 

The third explanation for the supervention of resistant infection, pariicu 
larly in the case of the staphylococcus, is the development of resistance to 
the antibiotic in iifo To prevent these cases one must consider whether 
there is sufficient evidence of effective synergism between antibiotics to 
render the combmed administration of 2 or 3 justifiable m the circumstances 
Jawetz and his collaborators have given much attention to this problem 
These authors haie foimd that antibiotics tn itlro may act independently of 
one another, may antagonize each other, or may act synergistically As an 
example of the clinical application of synergism, Jawetz, Gunnison, Bniff, 
and Coleman (1952) described tbe action of penicillin and slreptorajcm on 
enterococci, and of streptomycm and chlortetracycline on brucellae How 
ever, Jawetz has given warmng that the same combmation of drugs may be 
synergistic in certain concentrations and antagonistic m others (Jawetz, 
1953) He has concluded that those drugs which are bactericidal m their 
action are more likely to be synergistic than those which are only bacteno 
static Thus penicillin, streptomycm, bacitracin, and neomjem can usually 
be depended on to destroy bacteria more readily when 2 are used together 
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rather than one Chloramphenicol, the tetracyclines, and erythromycin are 
more often bacteriostatic at concentrations used in therapy, and their effect 
in combmatjon cannot be predicted unless bactericidal tests are earned out 
tn intro as a preliminary to climcal application These conclusions are sum 
manzed in a paper by Jairetz (1954) Slaiiy papers have been imtten on the 
subject of sjTiergism and antagomsm, but the results are by no means eon* 
cordant Eventually the justification for using a combmation of antibiotics 
shouTi to be bactericidal in iitro must be their successful cbmeal apphcation 
A sunple test for choosing combinations has been described by Elek, Hilson, 
and Jeivell (1953) A sterile velvet pad is pressed on to the agar culture 
contaming the antibiotics to be tested and transferred to another culture 
plate free of antibiotics If, after incubation for 18 to 24 hours, the pad or 
the plate remains free of bacteria, one may conclude that the great majority 
of the organisms have been killed These workers tested 65 strams of common 
pathogens against 3 pairs of antibiotics and found that penicillin woth either 
chloramphemcol or chlortetracycline genemlly showed antagomsm, while 
streptomycin with chloramphenicol usually showed synergism The cntieisra 
to be offered of this technique is that the requisite concentrations for each 
antibiotic are not known Another test for assessing the effectiveness of 
combinations in fluid media is that described by Jaw etz, Gunnison, CJoleman, 
and Kempe (1955) On the other hand the concentrations of the antibiotics 
ui the body after each dose fluctuate so markedly that the most effective 
concentrations might well be present only momentarily after each dose 
Much work has been done by Jones and Finland (1957) on the effect of giving 
two antibiotics together on raising the inhibitory activity of the plasma 
With tetracycline and oleandomycin, erythromj cm spiramycin, or pemcillm 
V they have found bttle evidence of enhancement against certain susceptible 
or insusceptible pathogens Fig 10 shows how little effect there was on 
Strep 98 when penicillin V and tetracycline were given together in a total dose 
equivalent to that of pemcillin alone Fig 2o and 6 on p 55 and Fig 10 
are examples of how little this enhancement of activity against a susceptible 
streptococcus* or staphylococcus can be demonstrated Similar findmgs held 
for a pneumococcus Evidence of synergism in the clinic has been most 
readily obtamed in the treatment of bacterial endocarditis Hunter (1950) 
and Robbins and Tompsett (1949) both demonstrated in ttfro synergism 
hstwssD pemsuihii and stTspiBS^yemagsaast-Sir fiucahsasid wareaWe to cure 
patients suffermg from this infection by a combination of the antibiotics 
Garrod (1953) cites 4 cases in each of which the responsible organism was 
a Str Jaecalts inhibited by concentrations of pemcdlin, chlortetracycline, and 
chloramphemcol, which, although not very low, could easdy be reached m 
the serum However, to inhibit the orgamsm somewhat more streptomycin 
was required than could be given without nsk of producing vestibular dis 
turbance None of these patients responded to the antibiotics to which the 
streptococcus was most susceptible, namely chlortetracycline or chloram 
phemcol In all 4 patients the infection was eventually controlled fay pern 
cillm and streptomyem A case nndeigoing prolonged treatment with a 
succession of different antibiotics was described by Balme and Dormer (1954) 
This patient, whose infection was also due to Sir faecalis, received in succes 
Bion pemcilhn (12 inilhon XJmts daily) for 6 weeks, chlortetracycline (2 G 
daily), md ox} tetracycline (6 G dailj) each for 3 weeks, and then the last 2 
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antibiotics simultaneously for 7 days Chloramphenicol was then substituted 
for chlortetracyclme but -mthout effect on the fever, embolism, or the 
general condition In spite of the organism being inhibited tn ttlro by quite 
low concentrations of chlortetrat^cline and oxytetracyclme and only by 
somewhat high concentrations of penicillm and streptomycin singly, when 
the 2 latter antibiotics were used together, the combination sterilized the 
inoculum in 24 hours Treatment with 2 5 nuUion Umts of pemciUin 3 hourly 
and 0 5 G of streptomycm 6 hourly by mtramuscular injection for 6 veeks 



Fio 10 Inhibiting vsluea of plasms for iSir sensitive in pr/ro to 0 94S^g periul 
of penicillin V toOSSpg perml oftetncycbne andtoODSfig perml ofcqualpsrtaof 
each — folIowingiDgestionoffiOOnig ofeitberantibioticorof SSOmg eaehof tetracyclins 
and of penwiJlm 

(From Jones and Finland Aeufnpl J Sltd 1957 25b, 869) 

ended m the patient s recovery Tests of the blood cultures were repeatedly 
sterile, and no recurrence had occnrred over the foUowmg 6 months Pem- 
ciUm and streptomycm were also found by Gcraci and hlartin (1954 6) to be 
the moat rebable combmation for enterococcal infection A few workers, 
holt ever, have reported other combmations which were successful after pre- 
vious antibiotic therapy had failed Staphylococcal endocarditis has been 
notoriously difficult to treat successfully, but Jawetz, Gunnison, and Speck 
(1951 b) succeeded m dealmg with 1 case m which a coagulase negative 
staphylococcus was responsible Although no cluucal response was made to 
chlortetracyclme and pemcillm when used smgly, and the staphylococcus, 
when isolated, was found to be resistant to more than 20 fig per ml of every 
antibiotic tested, yet 10 fig per ml of streptomycm and of oxytetracycbno 
used simultaneously was rapidly bactericidal m vitro When the patient was 
treated with 2 G of oxytetracyclme daily mtravenoasly and 3 to 4 G of 
streptomycm by mtramuscular injection every 24 hours for 10 daj's, he 
recovered Tompsett (1953), m reviewing his experience in the treatment of 
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bactenal endocarditis, found that his best results in staphylococcal infections 
follo'w ed a combination of pemcillm and dihydrostreptomycm, but control of 
the infection could sometunes be obfamed with a combmation of dihydro. 
streptomycm and a tetracycline or chloramphemcol, or of pemcillm and 
bacitracm Slore recently tests *n intro have indicated that novobiocin and 
vancomycm in combmation with one another or with neomycm or bacitracm 
kill at a greater rate than either of the first 2 antibiotics alone (Jawetz, 
Bertie, and Sonne, 1057) 

Fisher, Wagner, and Boss (1D55) report a case m which erythromycm, 
together with pemciUin, seems to have played a part m recovery In 38 cases 
treated by these authors at the Johns Hopkins Hospital between 1933 and 
1940 it was found that, irrespective of the concentration of pemcillm required 
to inhibit the infecting organism, massive doses of this antibiotic (for example, 
8 to 24 million 'Units per day) given together with up to 3 6G of erythromycm 
daily for as long as 5 weeks, appeared to be most successful against staphylo 
coccal infections These workers also added a tetracycline or chloramphenicol 
for good measure, but it is difRcuH to evaluate the latter drugs in the combina 
tion Eunn and CJook (1954) found atreptomycm and chloramphenicol effec 
tive in endocarditis due to a Gram negative organism Loewe, Cohen, and 
Eibcr (1953) studied a case due to Str vtndans which had been treated over 
7 months with chlortetracycUne, pemcilUa combmed with chlortetracycline, 
and pemcillm combmed with chloramphemcol After admission the patient 
received penicillin combmed with o^etracycbne and carmamide, oxytetro^ 
cyclme combmed with dihydrostreptomycm, and procame pemciUin combmed 
with probenecid and 100,000 Umts of bacitracm daily for 4 doses Seven days 
after bacitracm had been added to the therapy, all antibiotics were discon 
tmued The blood culture had become stenle, the temperature soon fell, and 
there were no signs of reactivation during the following 24 months The 2 
drugs which were found to be bactencidsl \n vitro were pemcillm at a con 
centration of 12 Umts per ml and bacitracm at a concentration of 0 75 Umt 
per ml While it is not legitimate to attribute recovery in this case to the 
combination of these 2 antibiotics only, it is to be noted none the less that 
recovery took place while the patient ivas under treatment with antibiotics 
known to be bactencidal Fig 11 is the chart of the patient durmg his stay m 
the Brooklyn Jewish Hospital after the many months of meffectual treat- 
ment ^v^th pemcillm and/or chlortetracycUne 
Another attempt to apply laboratory finding to the clinic was made by 
Flippin and Eisenberg (1934) In an investigation lasting over 3 years these 
authors studied the bacteriostatic and bactericidal effects of certam antz 
biotics, singly and m combination, on different organisms Both bactericidal 
and bacteriostatic effects conid be demonstrated with chlortetracyclme, 
oxytetracychne, and penicillin smgly, and these effects were enhanced when 
the drugs were given together It was found also that chlortetracyclme, 
oxytetracychne, and chloramphemcol behaved synergistically towards Klebsi 
ella pneumoniae Results from combmed treatment of pneumococcal pneu- 
moma and staphylococcal infections could not, however, be considered better 
than those obtamed by mtramuscnlar mjection of procame pemciUin alone, 
but m 12 patients with refractory uimary tract infections m uhich Klebsiella 
pneumoniae was the responsible organism, complete recovery was produced 
in 5 cases by a combmation of tbe drugs Better results were obtamed by 
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Smith and Smith (1954) with infections of the tinnary tract due to Bad coh 
With a combination of 0 5 G of oifyletracycline 4 times daily by mouth, and 
1 G of streptomycm twice daily by injectioa, clinical improvement occurred 
withm 12 hours m 27 patients, with infections ansmg from obstetrical or 
gjTiaecological conditions This was less than half the time taken to produce 
climcalimprovementmanother25patient8treatedwithoxytetracychnealone 
In none of these multiple therapies does the possibihty of antibiotic antago- 
nism seem to have been considered There is in fact one instance reported by 


BVM . Strte vttidant 



Fio 11 Chart of a patient mtb endocarditis diM to 5(r rin<jon4 after Iisnn^ received 
11 months treatment vnth pemcdlui and chlortetiacjclme separately and together, and 
pemciUm andchloramphemcoL Blood cilltorea became and remained sterile after he use 
on treatment with peniciUm. dihydroetreptomycm and bacitracin. 

(From Ijoewe Cohen, and £iber, Anlibmt and Chemalktr 1993 3, CBl ) 

Lepper and Dowling (1951) m which chlortctracychne and penicillin seem to 
have acted antagonistically to one another This was m pneumococcal 
memngitis For this condition these workers had previously adopted the 
practice of admimstermg as much as 1 million Umts of pemciUm intramuscu- 
larly every 2 hours m order to obviate the necessity of mtrathecal mjection. 
With this therapy 13 of 43 cases of this diseasehadied, or less than one third 
of the cases The newer antibiotic was tried, together with pemciUin, which 
was given m the same dose and m the same way Fourteen patients were 
treated by penicillm alone and alternately with 14 by the comhmation of 
drugs It was found that 11 of those treated with the 2 antibiotics died, or 
nearly four fifths of the cases Irrespective of the nature or gravity of the 
case, the mortahty amongst patients treated ivith the 2 antibiotics was 
always higher than in those treated by pemciUm alone It is possible that 
this difference might have been due to comadence, but the nsk of an antago 
nisra between the two drugs does not seem worth running 
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The treatment of fungal overgrottik 

In the mouth or about the anus this compbcation is not very difficult to 
dea^nth, provided it is recogmzedearlyandantibiotio therapy is stopped at 
once It IS, of course, possible to treat the condition ^vith nystatin, and this 
has been recommended by StembOTg, Tarbet, Newcomer, Huddleson, Weir, 
Wright, and Egeberg (1953) These authors were able to reduce the monihal 
population m the faeces at the same time as a tetracycline was being admmi 
stered So effective was njstatm that it was recommended for prophylactic 
use, as a concomitant of all oral therapy with tetracyclines, chloramphenicol, 
or neomycin Evperience in the past, however, has revealed the calamitous 
consequences of such widespread use of an antibiotic, and it would seem 
wiser to withhold the drug until some evidence of fungal infection is 
present 

Toxic effects 

The indicated course of action when an antibiotic is producmg toxic effects 
13 discontmuance of the antibiotic There are, however, occasions when no 
other antibiotic but the one producing the toxic effect is active m the infection 
bemg treated Such cases justify the parenteral use of bacitracm, ncomycm, 
or polymyxin B or E if the dose is limited and a careful watch is kept on 
renal function and, m the case of neomycin, bearing K it is impossible to 
find any other suitable treatment for a patient whose bdney function is not 
normal, treatment with neomycin may be given parenterally, but only with 
the utmost caution 

Adjuvant effect of special agents * the corticosteroids 

Of these, much the best known are the corticosteroids Since the origmal 
observations of Hench, Kendall, Slocumb, and PoUey (1 956) on the powerful 
effect of pituitary ACTH and ofcortisoneonthemamfestations of rheumatoid 
arthritis, there have been many reports on the admimstration of the«e sub 
stances together with antibiotics Sometimes the results were dramatic, at 
others they ■nere catastrophic or at least unfortunate, as for example the 
development of purulent memngitis or an extensive abscess dunng admini 
stration of corticotrophm or cortisone together with procame pemciUin It has 
been argued that though, without antibiotics there is ample evidence that 
the barriers of the host against mlection are lowered by administration of 
corticosteroids, the giving of an antibiotic simultaneously and m sufficiently 
lugh doses may overcome this adverse effect In this manner Herrell (1957) 
advocated the use of combined therapy in a few bacterial diseases, viz 
tuberculous memngitis, a WateThous&-Fndenchsen syndrome m memngo 
coccal septicaemia, typhoid fever, brucellosis, and severe tetanus, quoting 
authorities for his conclusions Unfortunately, as Kass and Finland (1957) 
have ably pointed out, the infrequency of controlled trials has prevented this 
argument from being put to the proof One such trial m pneumococcal 
pneumoma carried out by Wagner, Bennett, Lasagna, Cluff, Rosenthal, 
and Mirick (1956) gave bttJe indication as to whether the prognosis had 
been improved The antibiotic used simultaneously ivith cortisone was 
penicillm but as, according to Kass and Fmland, the prognosis is so good 
from peniciJbn treatment alone, th»e Vios little to indicate Mhether the 



202 THE CHOICE OF AN ANTIBIOTIC Chapter 7 

effect of cortisone was adverse or teneficial Again, an analysis of the treat- 
ment m all patients received at the Mumcipal Contagious Disease Hospital 
of Chicago by Lepper and Spies (1957) showed that there were 3 periods 
during this time, when hormones were restricted, when they were used 
rather freely, and finally almost (dimmated except for fulmmatmg memngo- 
coccal infection Comparing the death rates in the 3 penods these workers 
were led to the conclusion that there was no effect, or possibly a detenora- 
tion m prognosis, m those patients treated dunng the era of free use of the 
hormones These conclusions stimulated Lepper and Spies to make a con- 
trolled trial of the use of hydrocortisone m addition to appropriate anti- 
biotics in bacterial memngitis In this trial infections due to H tnjiuemae, 
pneumococci, and memngococci (when the latter were not particularly severe) 
were mcluded There was 1 death in each senes, both due to pneumococcal 
infection In other patients there was httle evidence of a better symptomatic 
response in those treated wnth hydrocortisone and the nbnormahties m the 
cerebrospinal fluid returned to normal more slowly than m controls treated 
•with antibiotics alone (1957, Lancet, ii 888) In those patients with par- 
ticularly severe memngococcal meningitis, all of whom received hjdrocor- 
tisone intravenously as well as penicillm and streptomycin, there were 6 
deaths and 2 survivors In all those who died bilateral aienal haemorrhage 
could be demonstrated 

In view of the mass of hterature on the subject the few trials described 
here seem to provide a small counterblast to the enthusiasm of others Yet 
conclusions from neither of the two controlled trials are in favour of the 
routine use of adrenocortical hormones in conjunction -with antibiotics for the 
treatment of infections At the end of their discussion of the subject Kass 
and Finland (1957) concluded that the value of corticosteroids m the manage- 
ment of infection was still uncertain except when there is mamfest adrenal 
insufficiency Even m these circumstances there are other vasopressor agents, 
including epinephrme, which are capable of preventing vascular collapse as 
adequately as is cortisone 


Gamma globulin 

Of recent years attention has been drawn to the influence of ‘ host factors ’ 
in bodily defences In this respect gamma globulm has been considered to 
play a part m enhancing the effect of antibiotic therapy Following successful 
protective experiments undertaken by Fisher (1957) on mice infected with 
various strains oi Staph aureus, Str pyogmes,Pr(^eus vulgarxs, and a strain of 
pseudomonas, Waisbren (1957) apphed a combined therapy of gamma globu 
Im and the appropriate antibiotic to a senes of 46 stubborn cases of septic 
infection In 6 of these a long penod durmg which the administration of 
antibiotics had not induced signs of improvement preceded the giving of 
gamma globulin which was prescnbed without changmg the antibiotic or its 
dose In these patients climcal response was immediate and was particularly 
successful in cases of chrome and acute osteomyehtis and staphylococcal 
pneumonia Fig 12 demonstratestheeffectof theadditionofgammaglobuhn 
to neomycin treatment m a stubborn case of staphylococcal pneumonia and 
lung abscess It is of interest that thoi^h chrome osteomyehtis due to salmo 
nellae responded satisfactorily, camera of these organisms contmued m the 
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earner state wthout effect from the combined therapy. Although there was no 
evidence of a preliminary abnormally low le\el of gamma globulm m the 
blood of the successfully treated patients, jet response followed its addition 
and organisms were ebmmated from cnltnres This result -was not thought 
Lkely to be due to the gamma globulin alone, for the condition of patients to 
whom only this agent was administered deteriorated until a suitable anti- 
biotic was also given The dose employed by Waisbren was 10 to 20 ml 
gamma globulin intramuscularly about 3 timea a week 

February March 

15 18 20 22 24 26 28 2 4 6 6 tO 12 14 }6 IB 20 22 24 26 28 30 



Flo 12 Chari of a patient with atapbylococcal pneiunoiua and lung absceas bucccss 
fully treated with gamcna globulin and neomycin after chloramphenicol vancomycin 
petuciUio and neomycin alone had foiled to cauee amelioration of his disease 
C a- chloramphenicol P <= pemcilha Novo => novobiocin Vanco — vancomycin 
(From Waisbren and C/iemoihfr 1937 7, 32S ) 

Other substances thought to influence the immune response of the host, 
such as properdin (PiUemer, Blum, Lepow, Ross, Todd, and Wardlaw, 1954) 
and other immune bodies have still to be tested m relation to their effect with 
antibiotics on bacterial infection 

Conclusion 

In choosmg an antibiotic or combination of antibiotics one is thus not only 
concerned uith the disease for which it is to be given, but one is also dependent 
on some type of sensitivity test Before deciding however, it is also necessary 
to mquire into the history of the patient to determme whether the drug mdi 
cated bj the sensitivity test has been given jweviously and how it has been 
tolerated Dunng treatment, serial weekly bacteriological esammations are 
advisable, in case the infection has been converted into one which is resistant 
and a change of antibiotic is requited When there appears to be resistance 
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to every available antibiotic singly, it is possible that a combination will be 
effective, but it is inadvisable to add more than one antibiotic at a time so 
that confusion does not occur It is possible that at the present time the 
neu-er antibiotics may be used for infections which are resistant to those 
more commonlj used, for example crythromjem, novobiocin, and aanco* 
mycin If neomycin, bacitracin, or polymyxin is indicated, these drugs can 
be used m strictly controlIe<l doses \\licn administration of a drug results m 
gastro mtestinal upsets or toxic phenomena, a change of antibiotic is indi 
cated In this respect it is well to remember that the tetracyclines arc, 
bactenologically , largely interchangeable, but there arc individual differences 
of activity against certain strains of bactena When the administration of 
streptomycin causes vestibular disturbances, dihydrostrcptomyein may be 
given instead, but on no account should the dose of the latter drug be ratsed 
above 2 G daily, and preferably not above 1 G a day For fungal infections, 
nystatin has showm itself to be useful cither as a prophy lactic or os a them 
peutic agent The value of other antibiotics m controlling fungal oaergrowth 
has not yet been fully demonstrated m the clinic 


THE CHOICE or AN ANTIBIOTIC IN DISEASES DUE TO 
SPECIFIC ORGANISMS 

Certain infections can be recognized cUiucally and laboratory tests need 
only be made to confirm the diagnosis In these illnesses there is little reason 
to delay treatment until the results of the tests are Inon-n 


Venereal diseases 
Syphilia 

Pemcillm remains the first choice for the treatment of this disease m all its 
stages With long actmg preparations, such as procaine penicillin in od with 
alunumum stearate, or benzathine pemcillm, treatment can be given os a 
smgle injection of 2 4 to 6 milhon Umts ^Vhen uncontrollable scaMtization 
is known to be present the tetracyclines or chloramphenicol, or even cryihro 
nryrai or c£irb<3aiycsa, cses be eis»i as escead bnes cf defence (WsnsLy and 
Landman, 1950, Robinson and Robinson, 1951, and Romansky, 1953) 

Gonorrhoea 

Agam procame penicilhn 600 000 or 1 2 milli on Units with aluminium 
monostearate given once is effective, but the tetracy dines and chlorampheni 
col, m a smgle dose of 3 G , are nearly as rehable Erylhroray cm is also 
effective in divided doses of 200 mg each, amounting to a total of 800 ing m 
a day (Haight, 1956) With all these drags however, serological tests to 
exclude syphilis need to be earned out for 4 months after treatment WTien 
doubt exists however, streptomycm or dihydrostreptomycin (200 to GOO mg ) 
can be safely used alone without fear of masking the more senous disease 
(Robinson, H II , 1951 a) 

Of late years there has been some doubt expressed as to the contmuing 
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susceptibility of the gonococcus to peniciUm owing to the number of cases 
which remain persistently resistant to treatment Allowing for differences in 
technique, samples of strams tested from 1944 until 1956 do not lead one to 
imagine that lessened susceptibihty is the cause of these resistant cases The 
follomng figures are taken from Tliajer,Pield, Magnuson,and GarBon{1957) 



3 ear 

No of 
atraHis 

liange of 
senatlmtif 
{V per ml ) 

Mean 

Lankford (1945) 

1044 

100 

0 005-0 025 

0 013 

Love and Finland (1955) 

1045 

24 

0 002 0 008 

0 005 


1947 

104 

0 002-0 033 

0 006 


1949 

62 

0 005-0 333 

0 033 


1954 

106 

0 002 0 033 

0 008 

Thayer (I95C) 

1956 

31 

0 006-0 200 

0 052 


Thaj er et ol also point out that it took 48 hours or more for pemciUm to kill 
all strains of gonococci although inhibition was manifest uithm 24 It is 
possible that preparations which do not mamtam a smtable concentration of 
pemcilUn m the tissues for sufficiently long may be responsible for the failures 
of treatment mth thia antibiotic 

Granuloma infjuinale 

The tetracyclines and streptomycin are effective Thetetracyclmessbould 
be given m do&es of 4 G daily for a minimum of 2 weeks, and streptomycin 
m maximum doses of 20 to 30 G given over 5 to 10 dajs A third choice is 
chloramphenicol Cases which become resistant to treatment with strepto 
znycm, and those which relapse after treatment mth the tetracyclines, do, 
hoivever, occur The latter sometimes respond to a second course of treat 
ment with the tetraejeUnes (Greenblatt, Barfield, Dienst, and Zises, 1952, 
Kmght and Fowler, 1950) 

LympTiogranulama venereum 

The tetracyclines are effective also ui this venereal disease but, in the few 
cases tested, relapses are frequent From experimental work oxytetracyclme 
appears to have been more effective than chlortetracyclme The doses given 
usually amounted to I G daily for 14 to 21 days (Banov, 1953 , and Hurst, 
Peters and Melvm, 1950) 

Chancroid 

For this disease 1 G of streptomycin daily for 5 days is as effective as the 
tetracjclmes given in doses of 025 G 4 times a day for 4 days, but strepto 
mycm together with sulphadianne has the advantage that it does not mask 
the presence of sjqihilis (Mendell, Foxworthy, and Wornas, 1954, Olansky 
and Landman, 1950 and WiUcox, 1950) Pemcilhn is also useful particularly 
where faciLties for diagnosis arc not great and treatment for the disease is 
needed irrespective of the diagnosis (IFtffcox, 1954) 


Rickettsial diseases 

CSdoramphemcol and the tetraiydines are all valuable in these diseases but 
it IS well to remember that these antibiotics are not nckettsioeidal in spite of 
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the early dramatic results obtamed mth them Relapses therefore are to be 
expected -^hen a short comse of treatment is given before the 7th day of 
disease, that is, before immune bodies have fully developed m the patient 
(Ley and Smadel, 1954) In a comparative study of the effect of chloram 
phemcol, chlortetracychne, and oxytetrac^clme among Chmese Nationahst 
troops m the Pescadores Islands, Pl«zyna, Teh Lmg Chang, Tsu Lm Wang, 
Dougherty, and Bond (1954) found all 3 drugs about equally efficacious, but 
fever lasted for less tune after chloramphemcol than after the tetracyclmes, 
an average of 40 hours compared with 48 and 49 hours 


Diseases due to viruses 

For diseases caused by the larger viruses of psittacosis, lymphogranuloma 
venereum, and trachoma chloramphemcol and the tetracyclmes have proved 
themselves particularly valuable though they provide no guarantee against 
relapses for example the case of French and Martm (1957) Effective 
treatment for the first 2 of these can be given by mouth and for trachoma 
by local apphcation of an omtment For other diseases usually attri 
buted to viral infection, such as herpes simplex, mumps, measles, infec 
tious mononucleosis, &c , there is no unequivocal evidence, experimental or 
chmcal, that antibiotics have any specific effect The undecided question 
whether pnmary atypical pneumonia is caused by a virus makes it difficult 
to assess the value of antibiotics in treatmg the disease A number of com 
parative trials have been earned out (desenbed by Finland, 1952) but m one 
series only had all the cases demonstrated the presence of the egglutimn 
reactions recognized to be specific for the disease In this senes no difference 
was noted between results m tetraeychne treated patients and m those whose 
infection received only symptomatic treatment (Gallagher and Gallagher, 
1952) Without the ability to isolate the specific vims treatment must neces 
sarily be blmd, and it is possible that the sbght improvement m the results 
obtamed with the tetracyclmes compared with controls or pemcdlm treated 
cases might have been due tothepreventionofsuperadded bacterial infection 


Bacterial diseases 

Typhoid fever 

In spite of the fact that chloramphemcol has similar inhibitory powers to 
the tetracyclmes against the typhoid bacillus tn vitro, it has imdoubtedly 
proved the most effective agent m treating this disease Although response 
to treatment may not be apparent for 3 or 4 days, Salm typhi disappear 
from the blood promptly and the patient recovers if mtestmal haemorrhage 
or perforation does not occur Relapses and the chrome carrier state are not 
prevented, although they occur less frequently if treatment is prolonged over 
7 days or preferably to 14 days (Smadel, 1950 6) Gamers are usually treated 
with a combmation of streptomycin and diloramphemcol, but there is no 
guarantee that this treatment m fact eradicates the carrier state It is possible 
that synnematin B may prove more effective than chloramphemcol m eradi 
catmg Salm typhi from patients, but proof of this m clinical trials still awaits 
confirmation 
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Other salmoTiellat tnfeclione 

There u Uttle prospect of available antibiotics controlling the infection in 

sentery due to salmonellae Chloramphenicol and streptomycin have been 
recommended, but their success in controlling the infection rather than in 
reheving the 83 Tnptoms is variable Tiro epidemics in nurslings were de- 
scribed by Mane, Seringe, Le Minor, and Ehachar (1951) In the first 
epidemic, 9 of the babies were treated inth penicillm fblloned by strepto 
mycin and one uith streptomycm only Five of these died In the second 
epidemic, 8 infants irero treated with antibiotics — streptomycm alone to 1 
who died, streptomycin followed bj chloramphemco! to 6, 2 of whom died, and 
chloramphemcol from the start to 2, both of \i horn recovered Thus chloram 
phemcol brought the greatest rehef, but there is no note as to whether these 
babies is ere prevented from becoming carriers In urmary tract mfections, 
however, streptomycm is the only drug, if given m doses which are related 
to the sensitivity of the organism, which will clear the urme of salmonellae 
withm 24 hours (Garrod, personal communication) 

Bacillary dysentery 

■When caused bj sbigellac this tj'peofdj'sentery appears to be particularly 
susceptible to treatment by antibiotics as well as by the sulphonamides 
Streptomycm has proved most eSectire when administered m doses of 60 to 
80 mg per kg of body weight by mouth daily and 40 mg per kg by mtra 
muscular mjection (Chang and Su, 1051 and Forbes, 1053) Chloramphemcol 
and the tetracyclines, given m 3 doses amountmg to 4 G over 24 hours, have 
cleared up many cases of sulphonamide resistant shigella infection (Garfinkel, 
Martm, Watt, Payne, Mason, and Hardy, 1953) 

If hooping tough (Pertussis) 

Although Haemophilus pertussis is inhibited »n vtfro, and m the embrjo 
nated egg, by concentrations of many antibiotics, which should easily be 
reached m the body, the results of treatment m patients have been equivocal 
There were some enthusiastic and some guarded reports on the results of 
therapy ivith chloramphemcol or the tetracycUnes but a collective and com 
parative study by the Medical Research Council (1953) produced httle 
evidence that these drugs bad much effect on pertussis if given after the first 
week titedisesse A easihir^ca^asKNS tncs rescued ia the Vmted St&tes hy 
Wemstem, Seltser, and Marrow (1951) There is, however, some evidence 
that the tetracyebnes and chloramphemco] are valuable in controlbng the 
compbeatjons of bronchopneumonia and encephahtis and in thus preventing 
deaths m the more severe forms of the disease (Mmkenhof and van der Kooi, 
1952) A daily dose amountmg to 50 mg perkg of body weight, dmded into 
4 hourly or 6 hourly amounts, is given for a week to 10 days 

Brucellosis 

It IS not dilScult to control the acute momfestations of brucellosis witb 
a number of different antibiotics It is very much more difficult to nd the 
patient of the infection For this reason 2 drugs have been used together in 
the hope that one would act on bacteria insusceptible to the other or m sites 
where the other was meffective Streptomycin m a dose of 2 G a day with 
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sulpliadiazme iq a dose of 6 G daily given at 4 hourly intervals has been used 
with good effect by Spink, Hall, Shaffer, and Braude (1948 and 1949) Later, 
however, a combination of streptomycin with chlortetracyclme was found to 
be more efficient both in the rapidity of its action and the effectiveness with 
which it reduced the bactenal popnlation in blood and tissues (Werner and 
Knight, 1950) This finding was confirmed clinically by Herrell and Barber 
(1952) , Janbonand Bertrand (1949) , Hams (1053) ,5Iagill,KilIough, and Said 
(1954), and Spmk (1955) The doses recommended were up to3 G of chlor- 
tetracyclme by mouth daily^ and 1 G ofstreptomycmordihydrostreptomycm 
mjected mtramuscularly m 2 doses a day, for 12 to 14 days When cases w ere 
already chrome, the addition of brucella antigen to the therapy was said to 
be useful In acute or particularly toxic cases, cortisone in doses of 300 mg 
gradually reduced to 100 mg over 4 to 5 days bas been claimed to be of use 

TuUtraemui 

Streptomycin has proved particularly successful in the treatment of tula 
raemia A large daily dose is not required One to 1 6 G daily, mjected at 
4 or G hourly mtervals and contmued for 7 days, has been found sufficient to 
control the infection so long as there is no abscess formation m the lymph 
nodes Recurrences may occur later, but since no Past iularetuts resistant to 
streptomyem has yet been isolated, a repetition of the course of treatment is 
advised (Foshay, 1947, and Rosenthal, 1951) Ohioramphemcol and chlor 
tetracyclme were found to be as effective as streptomyem in the early febrile 
state of the illness (de Lavergne, Pierquui, Helluy, and Dormer, 1930), but 
these drugs have not been so extensively tested 

Plague 

Streptomyem has been shown to bavea very definite beneficial eff'cct on this 
disease Sokhey, Wagle, and Habbu (1953), comparing the mortahtj from 
bubomc plague m certam districts m India following treatment with various 
sulphonamides and treatment with streptomycin, showed that although some 
reduction m mortahty followed the introduction of each new sulphonamide, 
treatment with streptomyem resulted m an even lower death rate (4 2 per 
cent m 148 cases) Comparisons with other antibiotics are not available, but 
it 13 worthy of note that one patient with pneumomc involvement recovered 
after bemg treated with chlortetracychne and pemciUin (Pubhc Health 
Reports (Washmgton), 1949) 

Bartonellosis 

Little IS known of the effects of different antibiotics on this disease, which 
IS mainly confined to Peru Kmmdieck (1949) studied the effect of antibiotic 
treatment m 50 cases This author fotmd that pemcillm, given m a dose of 
200,000 Umts daily, caused the bartonella to disappear from the blood m the 
pre eruptive phase, but had little effect on the eruption A sinular result was 
seen m 1 case treated with streptomyem Chloramphemcol however, given 
by mouth m doses of 50 mg per kg of body weight per day, did hav e some 
effect on the eruption The eruption recurred, however, after treatment had 
been contmued for 3 days only 

1 Later SpiaV (1956) recommended tetiscyelme 0 5 G by mouth 4 tunes a day for 
3 weeks 
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Anthrax 

Testa of the sensitivity of Bacillus atUhracis to various antibiotics have been 
earned out by several workers in diiferent parts of the world These have not 
necessarily used the same method of testing but all agree in finding no anti 
biotic more active than pemcillm against the most sensitive strains The 
figures of sensitivity are given below The 18 strains of Bacillm anthraexs 
were collected by Garrod (1952) from ddlerent parts of Great Britain as well 
as from the National Collection of Type Cultures He used a method of 
doubhng dilutions of the antibiotics m solid media 
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Figures obtained from the data of Boger (1953) Garrod (1952), Gold and Boger 
(1951) , and Buu Siachez, do I^eon, Villegas, and Novelo (1640) 

AH 37 strains found by Gold and Boger (1951) and Boger (1953) were found 
to be resistant to 25 ftg per ml of jiolymyxm and to be inhibited by 3 12 to 
26 fig per ml of neomycin, but all tests agree in finding no antibiotic more 
active than pemciUin against the most sensitive strains In Garrod’s Beries 
the strains requirmg the highest concentration of pemcillm were still more 
sensitive to this drug than to any of the other antibiotics tested, the range of 
inhibitory concentrations being 0 099 to 0 037 Unit per ml However, this 
was not the case m the senes described by Gold and Boger (1951) or Boger 
(1953) The tetracychnes and chloramphenicol, as might be expected from 
the figures given above, had been successful m clmical trials Gold and Boger 
(1951) treated 8 cases with chlortetracyclme, chloramphenicol, or oxytefra- 
cycline, all with equal success The local oedema and erythema were con 
trolled Avithin 24 to 48 hours and Bacillus anihracts disappeared from the 
lesions In 1953 Boger tested a further 21 strams and found that the clinical 
results correlated well with the sensitivity tests Ganter (1953) treated 14 
£sses seid censideKd peitrciffiff atjecied at doses of SSd.OOO Units or ntoro 
daily for 1 week and infiltrated locally at the site of the lesion to be superior 
to other antibiotics However, this author used sulphonaimdes as well in 
complicated cases By 1955 Gold had treated 40 cases with antibiotics, 
including erythromycin Chloramphemcol had been abandoned owing to the 
reports of its depressive effect on the haemopoietic system, but the tetra 
cychnes and erythromycin were found to ivork equally well These were 
preferred to pemcilhn because the serious complications of anthrax were no 
longer to be feared and these antibiotics could be admimstered to patients 
without admitting them to hospital With the advent of phenoxymethyl- 
pemeillm, smee therapeutic blood levels can be obtained by its oral admim* 
stration, the mam objection to prescnbiog this antibiotic has disappeared In 
the absence of any other contraindications penicillin must still be regarded as 
the first choice for anthrax It has bad the longest trial and remains par- 
ticularly effective m this condition 
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Adinomycosis 

Comparative studies of the senativjty tn vitro of strains of actmomyces 
isolated from lesions m man have been m^e by several mvestigators Strauss, 
KLgman, and Pdlsbury (1951) compared the activity of 4 antibiotics against 
3 strains of AcUruymycta boiis Accordmg to their observations, made under 
conditions which were unsatisfactory, at least for pemcUlm, chloramphemcol 
should be the most active antibiotic therapeutically However, only a small 
number of cases have been treated by diloramphemcol The response with 
chlortetracychne, however, geems to have been uniformly successful Garrod 
(1952) tested 12 strains of A tiradt from different sources, 3 isolated from 
patients admitted to St Bartholomew’s Hospital, London, by a serial dilution 
method in specially prepared broth The effects of 5 different antibiotics 
were tested Eleven strains of the fungus were inhibited by pemciUm m 
lower concentrations than oxytetracyclme, chlortetracychne, chloramphem 
col, or streptomycm Eighteen other strains subsequently examined by the 
same author were still inhibited by concentrations of pemcillm of 0 25 TJmt 
per ml or less It is possible that the conditions of the experiment were not 
favourable for at least 2 of the other antibiotics the long incubation period 
(6 days) would allow deterioration of chlortetracychne to occur and the 
presence of the CO, required for the anaerobic cultivation would have lowered 
the pH of the medium, makuig it unfavourable for the action of streptomycm 
A later comparative senes of sensitivity tests was earned out by Suter and 
Vaughan (1955) and Suter (1937) The earher study mcluded 11 antibiotics 
but not penic illin Against 3 strains of Acttncmyces bovts, erythromyem 
appeared to be most active Moreover, when exposed for long periods to 
erythromjem, penic illin , or carbomycm, strains gave no sign of acquirmg 
resistance Besistance to the tetracyclmes and chloramphemcol in the same 
time (16 weeks) had mcreaaed 12 fold 

Climcal tests m the last 5 years have not jet decided which antibiotic is the 
mcrat active Kelly (1931) successfully treated a patient suffering from ab 
dommal actinomycosis imtiady with pemcilhn, sulphadiazine, streptomj cm 
and mcision of abscesses, and later with chloramphemcol and chlortetra 
cyclme Sangster (1952) treated a case of actmomycosis of the jaw unth 
chlortetracychne, potassium iodide, and pemcilhn A rapid response vas 
obtamed Fannekoek (1954), however, described a patient who died from 
hepatic actmomycosis following septicaemia due to E coli, despite treatment 
with pemcillm and streptomycin These cases of actmomycosis were pre 
sumably caused by Actinomt/ces tsraeh The above work w ould seem to mdi- 
cato that for actmomycosis caused by Acttnomycea taraelt, penic illin should 
be the first choice, whatever antibiotics might be used subsequently No- 
canlia have not been found gusci^tible to pemcillm, but accordmg to Strauss 
et al (1931) they are inhibited by therapeutic concentrations of both chlor* 
tetracyclme and saipbadiazme, and accordmg to Banerjee, Sen, and Nandi 
(1954) by streptomycm or chlortetracychne The climcal data only show the 
effectiveness of sulphadiazine after unsuccessful administration of peniciUm 
and streptomycin, and sometimes after chlortetracj clme had also met with 
no success m clearing up the condition (Bernstein, Cook, PJotmek, and 
Tenezar, 1952 , Connar, Ferguson, Sealy, and Conant, 1951 , and Mogabgab 
and Floyd, 1951) 
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Tubercvlosts 

IVhether or not antibiotics will continue to be the main standby in the 
therapy of tuberculosis remains m doubt At the present time, hoirerer, 
streptomj cm together inth another drug (isoniazid or PAS) appears to be 
the indicated therap^y in mc®t cases One gramme of streptomycin daily or 
every 2 or 3 days, together with isomazid or PAS daily, is usually a big enough 
dose to produce a therapeutic effect if the treatment is contmued for long 
enough Therapy for a jear or longer has sometimes markedly improved 
gross anatomical changes which it had earlier been thought could only be 
reheved by surgical means 

Zeprostf 

No antibiotic has been found to be curative in this disease but streptomycm 
combined with sulphone therapy has been useful m reducing lesions of the 
skin and mucous membrane Ulcers of the mouth hare healed inthin 6 weeks 
with this therapy Chlortetracychne, admmistered in doses of 1 to 1 5 G 
daily for a year, has also healed lesions of the skin and mucous membrane 
This prolonged treatment was generally accompanied by gastric intolerance 
at some stage (Johansen and Erickson, 1950) 

Protozoal and other infections 
Amoebtasi4 

A number of effective anti amoebic drug? were in use before the advent of 
antibiotics with a similar action The problem has therefore been to find 
antibiotics which were more effective than other drugs or were valuable as 
adjuvants By 1950 McVay, Laird, and Sprunt had made a trial of the effect 
of chlortetracychne m 37 patients, usmg a dose of 0 5 G 4 times a day The 
patients responded very well , both trophozoite and cystic forms disappeared 
Administration of oxytetracycline m doses of 2 G by mouth daily m divided 
doses for 10 days met with equal success in (he hands of Sfost and van Assen 
delft (1951) , only 1 case relapsed Bacitracin, given in doses of SO, 000 Units 
daily by mouth for 10 days, uas also found effective in rehevmg the symptoms 
and removing E histolirtica from the stools (hlost et al , 1950 b) At about 
(his time Bradin and Hansen (196*?) drew attention to the fact that amoebae 
required the presence of bacteria m the medium for growth These authors 
also showed that, in evaluating a therapeutic agent, testa under both aerobic 
and anaerobic conditions were necessary Streptomycin, chlortetracychne, 
and bacitracm were found to be effective only m an mdirect way, that is, by 
ehminatmg the bacteria from the cultures of amoebae, and thus inhibiting 
the protozoa On the other hand, emetme destroyed E histolytica directly, 
W R Jones (1950) earned out experimental work which confirmed the above 
findings None the less chlortetracychne inhibited the growth of 1 stram of 
E histolytica at concentrations of 1 90,000 and another stram at concentra- 
tions of 1 30 000 Although chloramphenicol behaved m the same way as 
the 2 tetracychnes, pemcdlm and streptomycin were less active At the same 
time experunental tnals m rats earned out by Seneca and Henderson (1950) 
showed that although pemciUin and phthalylsulphathiazole had no action 
tn vitro agauKt E histolytica, these dn^ admmistered prophylactically for 
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2 days reduced the number of animals which became sigmhcantly infected 
Further confirmation of the value of chlortetracychne m experimental and 
chmcal work was given by Watt and Van de Grift (1050) These authors 
determmed the dilution of each antibiotic at which the amoebae died and the 
concomitant bacteria survived The results, expressed in mg per ml , ii'cre as 
follows 


Chlortetracychne 
Polymyim B 
D 

.. E 
Circulin 


0 22 0 2i> 

01fr*0 22 
2 0-2 5 
0 5-0 50 
2 25-2 5 


When 2 strains of amoebae were treated with a dilution of the drug which 
] ust allowed the amoebae to survive, a shght mcrease m resistance was obser\ ed 
to chlortetracychne Nevertheless, 6 patients given 7 to 10 G of chlortetra 
cycline over 4 to 5 dajs no longer showed E htslolytiea m their stools at the 
end of 3 daj’s and remained free of amoebae for the followmg 20 to 25 da^s 
On the other hand, Felsenfeld el al (1951) found that neomycin and haci 
tracin m combmation were more active than pemcilhn, streptomycm, chlor 
amphemcol, or the tetracyclines In a chmcal tnal 48 patients receded 
1 ,000 to 40 000 Umts of neomycin and 250 to 500 Umts of bacitracm per kg 
of body weight per day by mouth for 10 to 14 days This course as repeated 
m a week’s time if necessary A good response was obtamed m all cases and 
there were no side effects durmg treatment After 3 to G months no relapses 
had occurred m 41 of the patients Another combination recommended by 
Seneca (1050) was that of tetracycline, n^tatin, and novobiocin Although 
chlortetracychne seemed to be an effective anti amoebic agent, the number 
of cases m which relapses occurred was sufficient to n arrant further inquirj 
into which was the most satisfactory drug Sodeman (1051) quoted the cure 
rates for bacitracin (00 000 Units by mouth daily for 10 dajs) as 66 per cent 
and for chlortetracychne (1 to 2 G daily for 10 days) as 79 per cent , after 1 
jear (Most, Miller, and Grossman, 19^ a) ELdon Dew, Armstrong, and 
Wilmot (1952) reported that cfalortetracycline and tetracycline rehoved the 
acute dysenterj in the great majontj of patients but that there were manj 
relapses followmg the cessation of treatment This was also apparent in the 
observations of Tobie, "Most, Reardon, and Bozicevich (1951) These authors 
subjected carriers of E histoliftica to treatment with chlortetracj clme or 
bacitracm or oxytetracyclme These carriers were in 4 separate institutions 
and were stnctly isolated The results, therefore, should not have been 
vitiated by the occurrence of reinfection These results w ere as follows 


Chlortetra 
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Oiytetra 
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From the figures it would seem that oxytetracyclme was an improvement on 
chlortetracj chne These findings led some investigators to conclude that the 
effect of nil the antibiotics so far tried was due to the eradication of the 
bacteria on which the growth of the amoebae depended (HarviU, 1952, and 
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Spingam and Edelman, 1052) Various combmations of antibiotics were then 
tried together with amoebicidal agents This therapy was nearly alwajB 
immediately successful but did not eliminate relapses Similar results were 
obtamed by Jlartm, Garfinkel, Brooke, Wemstein, and Prye (1953), Thomp 
son and Reinertson (1951), and ^vala and Hamilton (1952) The latter 
authors used cblortetracycbne or oxytetracyclme and Goldenberg, Shlaes, 
andMintzer (1952) used bacitracm 

One group of investigators attempted to compare the effects of the tetra* 
cjclmes alone {Wciser, Spiotta, and ELman, 1953), but fell back on emetine 
after 1 or 2 courses of oxytetracyclme had failed to prevent relapses The 
clmical effect of different antibiotics was compared once more by McHardy 
and Frye (1954), who tested fumagUhn as well The results were as follows 

PtrttntoQt of 
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Clilortetracyeljna 

607 

16 6 

Oxytetraej dine 

435 

85 

Bacitracin 

205 

31 2 

Chlorainphenieol 

72 

73 6 

Neotnycia 

22 

66 3 
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110 

14 0 


This list still favours oxytetracyclme even though treatment was contmued 
long enough for intestmal bacteria to have become resistant to this and the 
other antibiotics ^Vhen a comparison was made between oxytetracyclme and 
the amoebicide fumagiUm (Anderson, 1055) it was agam found that results 
were in favour of oxytetracyclme The figures were as follows 

No cleored of 

Treatment Total E htslolt/fica 

Oxytetracyclioe (0 25 G 3 tunes daily for 10 days) IS 14 

Fumagillin {5-lOmg daily) 30 13 

Anderson (1955) pointed out that results differed according to the locahty 
in which the patient lived For example, natives of South Africa, or of 
Indonesia or Burma liave infections which are complicated by many other 
diseases so that anj drug used should be not only anti amoebic but anti- 
protozoal in general Anderson used erythromycin m the treatment of child 
ren with amoebiasis Fn a senes ol~5J cases, tumagilTln afone efeareef only 
half the patients, while erj^lhroniycin cleared approximately 93 per cent A 
combination of the 2 drugs w as no better than erythromyem alone Balamuth 
(1955), however, found erythromycin and the tetracycimes to have only 
moderate amoebicidal activity, and be was unable to confirm the clinical 
effectiveness of cblortetracycbne or oxytetracyclme Wilmot (1956), work- 
mg among the African population of Durban, South Africa, compared the 
immediate results of treatment with the 3 tetracychnes One gramme was 
given daily for 15 days Tw enty seven days after the hegmnmg of treatment, 
there was little difference in the results of the three groups The cure rate m 
136 cases at this time was in the neighbourhood of 94 per cent The position is 
thus at present etiU ill defined It dionld, however, he remembered that 
amoebae require the presence of bacteria for growth even \n cito The neces- 
sity of controUmg both infections m order to cure amoebiasis is borne out by 
the experiments of PhiUips, Wolfe, Bees, Gwdon, "Wright, and Reymers (1955), 
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•who found that when guinea pigs reared under sterile conditions were in 
fected intracaecally wth amoebae, the amoebae did not grow unless A aero 
genes or E colt were introduced into the caecum at the same time If the 
same is true m man, it Mould seem that the object of treatment should bo 
first to control the various bacteria in the gut lumen and then to apply an 
amoebicidal drug capable of penetrating the tissues, since bistologicallj the 
amoebae are found to hare invaded the gut often as far as the musculans 
mucosae At present, neomycin and bacitracin, erythromycm, or 1 of the 
tetracyclmes, can be ndmimstered, follow cd «ithm a few doj-s bj fumagilhn, 
or some other amoebicido such as carbarsone milibis, or a quinoline den 
vative These treatments, similar to those found most cfTcctivo b} Loughhn 
and Alulhn (1950) or McHardy, Welch, Browne, Blum, and ^IcHardy (1955), 
are also recommended by Seneca (1955) and, according to Tliompson (1935), 
require the lowest doses of drugs compatible W7th recovery m man 

Yaws and pinta 

These spurochaetal diseases have both been treated effectively with pern* 
cillm but there are also good reports of the use of chlorampbcmcol and tho 
tetracyclmes m yaivs A doso of 1 G of one of these latter antibiotics daily is 
given for adults, and 0 25 to 0 6 G daily for children However, for case of 
admmutration, a 2 shot course ’ of treatment w ith pcnicillm preparations 
far surpasses the other drugs, since children sometimes ba^e difficulty m 
swallowing the tablets (HtU, 1953) 

Leptospirosis 

Although pemciUm has been used widely m this country , there has been no 
reduction m the death rate from leptospirosis This death rate was 16 per 
cent before the mtroductioa of pemcillm and has remamed at this Ic\ el 
(Broom 1951) Howover.smcetheBusccptibdityofstrainsvanesconsiderablj, 
it 13 possible that the dosage used was not high enough In a senes of 70 cases 
due to various leptospua treated m the Umted States, pcmcilhn, strepto 
mycm chloramphemcol, or the tetracyclmes were employed, and there were 
oidy 2 deaths (Hall Hightower, Rivera, Byrne, Smadel, and Woodward, 
1951) This reduced death rate seems to mdicate that antibiotics had some 
effect Except for pemcillm, where the dose was about 600 000 Units or more 
daily for 5 to 20 days, the remaining antibiotics were administered usually in 
a high dose imtially and then m doses of 2 to 3 G daily for not longer than 
14 days There is some mdication that erythromycm, carbomycm, and 
oleandomycm may destroy leptospira at high concentrations (Cook and 
Thompson, 1957) 

Fungal infections 

These have come into greater prommence amce the mtroduction of anti 
biotics For fungal infections nystatm seems now to have been •well tried 
It can be applied loeaUy m concentrations of 5 000 to 100,000 Units per ml 
or G , or be given by mouth in doses of 500 000 Units 6 hourly to adults and 
50,000 to 100,000 Umts 4 tunes a day to infants and young children (Huang, 
Kendall, Lamberti, and High, 1956) 
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THE CHOICE OF AN ANTIBIOTIC IN DISEASES 
CONSIDERED BY SYSTEMS 

TVberever the infection may be, it is most important to find out what the 
infecting organism is Certain areas are, of course, the site of election of 
certain bacteria , for example, the skm, subcutaneous tissues, and bones are 
more commonly invaded by staphylococci than other bacteria, the urmary 
tract IS most frequently mvaded by Gram negative bacteria, and the heart 
valves by Str undans Although one can often make a good guess as to the 
causal orgamsm, experience m recent years has shown that the susceptibility 
of a particular stram to the various antibiotics must be tested Sensitivity 
tests with all their hmitations are in tho great majority of instances a better 
and quicker guide than any clmical assessment can be Boils, for example, 
are commonly due to tho staphylococcus, but unfortunately resistant strains 
of this organism are increasingly prevalent A direct culture on to a plate 
containing disks impregnated with tlie various antibiotics should make it 
rapidly known which antibiotic, if any, is indicated in the treatment A 
list of organisms and the antibiotics usuaUy found active against them in 
clinical trials is added below to gmde the chmcian m bis first choice of therapy 
before the results of sensitivity tests are known to b»n 


Staph aunua 
Erythromycin 
Chloramphemcol 
Vancomycm 
Pemeiilm 
TetracycUnea 
Novobiocin 
Spiramycm 
Bacitracin 
and 

Neomycin 


I At the present moment these are the most rehable 
agents for patients m hospital 

I For the patients living at home 

1 Both should be used for short penods as they mduco 
/ resistance in the staphylococci while under treatment 

I By mouth only — for the gastro mtestmal canal 


Sir pyogenes 
PemciUm 
Tetraeyclmes 
Erythromyem 
Spiramycm 
Novobiocin 
Vancomycin 

Pneumococcus 

PemciUm 

TetracycUnes 

Chloramphemcol 

Erythromycin 

Vancomycm 
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Enterococci 

Penicillin and Streptomycin 

Streptomycm and Chloramphemcol, and/or the Tetracyclmes 
H. influenzae 
Chloramphenicol 
Streptomycm 
Polymyxin 
Erythromycin 
E, coh 

Tetracyclmes 
Chloramphenicol 
Framycetm 
Neomyem 
Polymyxm E 

Cj closerme ^vith another antibiotic 
Proteus 
Novohiocm 

PemciUin and Chloramphenicol m high doses 
Pa aeruginoaa 
Polymyxm E 
Neomyem 

Cycloserme with another antibiotic 
Baet fnedlandert (or KUbs pneumontae) 

Streptomycm and Tetracyclmes 
Fungi 

Nystatm (clmical tnab of other anti fungal agents have not yet fully 
substantiated the claims made for them) 

In using these antibiotics dosage schemes are usually required, and those 
given below , although not necessarily ideal m all circumstances, have been 
extensively tried. 

Pemcillm Crystallme salt any dose by mouth or, more frequently', by 
mtramuscular injection, from 600,000 Units 8 hourly upwards 
If combmed as a slowactmg salt, from 300,000 Umts 12 hourly 
upwards 

Phenoxymethylpemcillm 200,000 to 500,000 Umts by mouth in 
tablet, capsule, or oral suspension, the dose varying according to whether 
the susceptibility of the mvadmg organism is below or above 0 02 Umt 
per ml 

Streptomycm 1 G daily, or, if given for not more than 3 weeks, 2 to 2 5 G 
daily m 6 hourly mjections accordmg to the patient’s reaction 
Chloramphenicol 50tol00mg perkg ofbody-weightperday bymouth (for 
precautions see Vol III, p 16, m special section on Chloramphemcol). 
Tetracyclmes 0 25 to 0 5 G 6 hourly 

Bacitracm 40,000 to 80,000 Units daily by intramuscular injection , not more 
than 100,000 Units per 24 boors 
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Neomycin Tor parenteral administration in adults — 0 25 G 6 hourly , not 
more tlian 0 5 G 6 hourly 

Pol 3 Tn}iin E 2 5 mg per kg of body weight per day by intramuscular 
injection, not more than 4 Snag per kg per day 
Cycloserine 0 5 to 1 G dailj by mouth in at least 2 doses 
Spiramjcm 3 G daily m 3 to 4 doses by mouth, 75 to 100 mg per kg per 
24 hours to children 

Otodranvem by mouth 4 hourly, or 40 mg per kg of body- 

I weight per day to children 

Novobiocm 5 to 10 mg per kg of body weight every 6 to 8 hours Or 2 G 
daily in divided doses to adults 

Nystatin 100,000 Umts per ml or G for local application 2 to 4 milhon 
Units daily by mouth to adults, m divided doses 
Vancomycin 0 5 to 1 G by intravenous infusion ever} 6 to 12 hours 
Puroraycin 1 to 2 25 G by mouth daily for 7 to 10 days 

The follow mg drugs have been omitted from the list of antibiotics rccom 
mended in climcal practice olcandomycm, spiramycin, and carbomycm 
Each of which has similar activity to er 3 rthTOmycm with the disadvantage 
that staphylococci show cross resistance between them all Where erythro 
mycin is not available one of these other antibiotics can satisfactorily take its 
place 


Staphylomycm 

Ristocetin 

Puromycm 


Owing to the small number of published chmcal trials these 
antibiotics cannot be recommended with certainty 


Bacterial Endocarditis 

The great majority of cases of bacterial endocarditis arc due to S(r vtridaTis 
aud this organism rarely fails to respond to penicdlm (Christie, 1953 , Keefer, 
1953) However, since the body defences are poor when the streptococci are 
in this peculiar anatomical situation, bactencidal rather than bacteriostatic 
concentrations of pemcillm are required, that is 4 to 5 times the concentration 
required to inhibit growth of the organism Although some patients have 
recovered by oral admimstration of phenoxymethylpemcillm, such concen 
trationsat the present mmnent are more rradily ensured by repeated paren 
teral mjections or by continuous infusions rather than by oral administration 
Levinson, Griffith, and Pearson (1950) aduumstered as much as 20 million 
Units daily even when the causal streptococci were inhibited by 25 Umts 
per ml That penicillin can penetrate the fibrin layer covering the valves 
in which the streptococci are enmeshed has been well shown by Nathanson 
and Liebhold (1950) These authors placed pieces of vegetations from a 
patient who had died after 3 days’ treatment wuth pemcillm, on the surface 
of seeded agar plates and demonstrated that a zone of inhibition w as produced 
round each fragment Duimg the past 5 years various antibiotics have been 
employed, sometimes with succew, but seldom before pemciUin was tried 
first It is most important in this condition to isolate the organism and test 
its sensitivity, preferably by a serial dilution method Good agreement 
between sensitivity tests tn vitro and dimcal response to antibiotic therapy 
was found by Proment, Monnet, Gonin, Viallet, and Traeger (1950) 
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A marked change m the mcidenceof this disease has been noted by Littmann 
and Schaaf (1950), whose survey of 97 cases treated between 1044 and 1949 
showed that the incidence of the disease had fallen by nearly half durmg 
the second part of this penod This was ascribed to the prophylaxis resulting 
from the treatment of relatively trivial complaints These authors also 
noted that m those patients who did acquire the disease, the invading 
orgamsms had become steadily mote resistant This would seem to be the 
conclusion drawn by Bunn and Cook (1954), who used a routine dose of 12 
milhon instead of 1 milli on Umts dady until the sensitivity tests were known 
An instance was cited by Loeue et al (1953) m which the Sir tmdans was 
inhibited only by 12 Umts of penicdlm per ml , but it was eventually controlled 
with probenecid, dihydrostreptomycin, and bacitracin There are, however, 
organisms besides Sir tiridems which occasionally have to be dealt with 
These mclude streptococci belongmg to LanceSeld group D, or enterococci 
which may be described as Sir faecahs or Sir zymogenes, staphj lococci, 
bruoellae, S mfluenzat, salmonellae, Ps pyocyanea, and others Each of 
these infections requires its own treatment and it is possible that combinations 
of different antibiotics have been of value m those cases which u ere resistant 
to pemcillm Examples of such cases haire been given above, but there are 
others m which, although a succession or combination of antibiotics have 
resulted in cure there is no unequivocal evidence that the final combination 
of drugs was preferable to any other or that it would have been successful 
had not other antibiotics earlier eliminated some of the bacteria The m 
fections of the heart valves which are now to be discussed have been treated 
with success in some instances, but a warning is given that early successes 
provided no guarantee that similar therapy will subsequently be effective 
Whether this is so or not depends very much on the bactericidal effect of 
the antibiotic or combination of antibiotics on the particular organism con> 
cemed and on the power of the antibiotics to penetrate the fibrm covermg 
the infected heart valves 

Enterococcal infection Although both pemcillm, with or without pro 
benecid, and streptomycm have been used smgly to cure an occasional case 
of this infection, a combination of the 2 drugs has been by far the most 
successful form of treatment (for example, Cates, Christie, and Garrod, 1951 , 
Balme and Dormer 1954,andTompsett,1953) Geraoi andllartm(1954aand 
b), reviewmg the 33 cases of enterococcal infection which they had treated 
durmg the previous 10 years, also found pemcillm and dihydrostreptomycm 
to be the most effective combination Wben erythromyem or bacitracm 
were added the results were no better Nevertheless, m a relatively insensitive 
infection, it is sometimes necessary to raise the dose of streptomycin above 
2 G daily for more than 3 weeks, this entails the risk of toxicity, and there 
have been occasions when raismg each separate dose of pemcillm to a milhon 
Umts or more has still not been enough to effect a cure It is in these instances 
that one may have to look for othCT treatment The folloiving drugs have 
been used successfully m isolated cases 

Cblortetracyclme was effective m curmg 1 of 2 patients described by 
Harvej , Jlirick, and Schaub (1949) In another case, wben cblortetracyclme, 
oxyte^acyclme, and chlorampbemcol singly had been meffectual, all 3 
antibiotics given for 6 weeks m relatively small doses, together with Gantrmn, 
eventually cleared the blood stream of enterococci (TYiedberg, 1952) In 
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other cases cure was obtained by giving penicillin together mth chlortetra 
cycline (Friedberg, 1952, and Beattie, 1954) Chlortetracychne together 
^nth ox 3 rtetraC 5 clme m doses of 0 5 G given by mouth 6 hourly were 
successful in Z case m which penicillin and streptomycm had failed (Ruben- 
stein and Austin, 1952) PemtaUin and bacitracm cured another patient, the 
dose of bacitracin given did not exceed 18,000 Umts daily, but 4 million 
Umts of pemcilhn were admimstered over the 24 hours One case m which 
erythromycin effected a cure after pemcdhn, streptomycin, and oxytetra 
cychne had been unsuccessful was described by Lambert, Lamalle, and 
Lievens (1955), while another, given 600 mg 4 hourly of the newer antibiotic, 
failed to be rid of her infection till she received ‘ massive ’ doses of pemcilhn 
and streptomycm (Romansky, Nasou, Davis, and Ritts, 1956) Novobiocin 
^vas consider^ responsible for the recovery of Z patient treated by Peareon 
etal (1956) and ristocetin for that of another by Romansky et (1957) 

Staphylococcal infection In spite of the mcreasmg number of pemcillm 
resistant strams of staphylococci isolated from patients, Tompsett (1953) 
u as able to cure some cases with resistant organisms by repeated doses of 
100 milhon Umts of pemcilhn, together aith streptomycin or dihydrostrepto 
mycm When this failed the addition of a tetracyclme, or even bacitracm, 
was sometimes effective Pemcdhn together with bacitracm were found 
effective in a case described by Fhedberg and Bader (Z95Z) and pemciUm 
•with chlortetracychne in a second case described by ILller, Hansen, and 
Pollock (1954) Oxytetrac} clme alone cureda case m which the staphylococcus 
was inhibited by 2 of the antibiotic per ml Streptomycm alone resulted 
in cure m some patients treated by Hunter (2047) end by Terry (1048) and 
vancomycin cured 1 case treated by Geraci et a2 (1957) Streptomycm 
together with oxytetracyclme cured a patient treated by Miller et al (1954) 
Chlortetracychne alone in large doses, 1 5G 4 hourly imtially and later 
0 5 G 4 hourly for 6 weeks cured an infection due to a Slaph albits which 
was very sensitive to the drug (Hughes, 1951) Oxytetracyclme together 
with streptomycm m doses of 3 4 G daily cured another case in which the 
organism was inhibited by the 2 drugs together, each m a concentration of 
lO/zg per ml A concentration of 20 pg per mJ of each drug -was required 
for inhibition if they were used singly A child described by Johnson and 
Hurst (1954) was cured by erythromycin together with oxytetracyclme and 
streptomycin given mtramuscularly, after unsuccessful treatment first -with 
60 milhon Umts of penicillin daily by intravenous injection together ivith 
streptomycin and then -with erythromycin together with streptomycm A case 
of a double infection with a staphylococcus and a Sir mndans described by 
Ahern and Kirby (1952) recovered after 600,000 Umts of procaine pemcillm 
had been admmistered 3 times a day by mtramuscular mjectlon together 
with 1 G of chloramphemcol 6 hourly Miller et al (1954) described a cure 
in a case of staphylococcal infection after 2 G of chloramphenicol had been 
given 4 hourly 

The fallacy of accepting the most recently tried antibiotic as bemg most 
effective is illustrated by the case described by PhiUips, Romansky, and 
Nasou (1955) This patient developed a staphylococcal endocarditis foIloTring 
treatment by cortisone of an exfcJiativB dermatitis due to penicillin The 
history thus excluded the latter antibiotic from treatment, but sensitivity 
of the bacterium to erythromycin, chloramphemcol, and bacitracm ■oas 



220 THE CHOICE OF A3\ A25TIB10TIC Chapter 7 

demonstrated Erythromycm was naturally given as the antibiotic of choice 
in doses of 400 mg 6 hourly, but this had little clmical effect over 3 weeks 
By this time the staphylococcus had become resistant to erj-thromjcm 
The addition of streptomycin, and then of bacitracin, to the treatment did 
produce a dramatic but only a transient response in the temperature curve, 
and did not otherwise alter the course of the disease Blood cultures remained 
positive m spite of the fact that chloramphenicol was added to the treatment 
At post mortem, a ruptured aortic cusp was found and there were multiple 
abscesses in. the throat, liver, spleen, and kidnejs 

With a rapidly bactericidal drug such as neomycin, it was found possible 
to cure a patient with the relatively low dose of 0 25 G injected 6 hourly for 

1 week, followed by half this dose for the following 4 weeks This case had 
previously been treated unsuccessfully with pemciUm, streptomjem, chlor* 
tetracycline, and oxytetracychne The only untow aid effect of treatment w as 
a buzzmg m the ears (Reed and Wellman, 1953) This antibiotic was agam 
curative in a case m which massive doses of penicillin together with probenecid 
and streptomycm had failed (Beckwith, Goyette, Spicer, and Graber, 1054) 

Despite the diflBculties in the treatment of this condition, Tisher, Wagner, 
and Boss (1935), in surveying the 38 cases of staphylococcal endocarditis 
treated at the Johns Hopkins Hospital over the 20 years between 1933 and 
1953, found that while 1 case onl> bad survived in the first 10 jeirs before 
antibiotic therapy was introduced, the number of survivals had increased 
during the second 10 years to 1 out of 3 of those treated with penicillin and 
7 out of 13 of those treated when other antibiotita also became available 
What is of particular interest is the claim made by these authors that recovery 
and the sensitivity of the etapbjiococcus to the antibiotics bore no definite 
relationship, and that it was not possible to forecast the inhibitory action of 

2 antibiotics administered smee the concentrations tn itt'o were perpetually 
changmg 

This claim might be countered by tbe account given of the successful 
eventual treatment of a case by Jawetzefal (1955) IVhen the staphjlococcus, 
which during 7 months proved refractory to so many antibiotic&, includmg 
pemcillin, was tested by their method and proved to be susceptible to combina 
tions of streptomycm with oiytetracyclme or with bacitracm, treatment 
with the former combination sterilized the blood and with the latter brought 
about full recovery 

fnfect'ton due to Aciinomycea muna Tliis very rare condition wis cn 
countered once by Stokes, Gray, and Stokes (1951) and was treatcfl with 
chloramphenicol in doses of 1 G imtially and then 0 5 G 4 hourly for 28 days 
Emboli which had been a feature of the condition, ceased after 1 week’s 
treatment 

Coryncbactenum injection Instances have been given of recoverj from 
a diphtheroid infection foUoinng treatment with pemcUIm and bacitracin 
(Zeridel and. Lubart, 1952) and foTIoxnng treatment with streptomjem and 
pemciilin by JIcCoy and “Mejer (1948) 

Pneumococcal infection Although this organism is particularly sensitive to 
antibiotics, by the time it mvades the heart valves the patient is usually m 
poor condition owing to a pre existing and uncontrolled pneumonia Re- 
covenes have seldom been recorded Providing no nsk of sensitization is 
apparent the antibiotic of choice is pemciUm 
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Bacteroides infection An anawobic bacteroides isolated from a case of 
pericarditis ^tas found by Rantz (1951) to be sensitive to 1 fig per ml of 
o-^detracyclme Treatment was accordingly given in a dose of 3G daily 
for 0 w eel^ and then 2 G daily for another 4 This treatment was successful 
ATiaerodic Gram posiiite cocci These were isolated from a patient treated 
by Schwarz and Lazarus (1950) This patient was cured by pemcilhn and 
bacitracm 

Infection due to a Oram negative bactUus This w as isolated from 4 patients 
by Hunter (1947) The sensitivity of the organism to streptomycin varied 
between 1 and 3 75 fig per ml Treatment with 2 5 to 3 2 G of this antibiotic 
daily resulted in recovery in 3 of the patients 
E colunfeetion Streptomycin was found to be effective in 2 of 4 patients 
treated by Love, Powell Strunk, and Hinkens (1949) The organism m one 
patient was only inhibited hy 4 pg per ml , but was none the less controlled 
by treatment wath 3 G of strcptomycm daily, together with pemcdlin and 
sulphadiazme In other cases, Blake, Priou, and Wagner (1950) had found 
that the results from treatment with streptomyem were good 

Pseudomonas pyocyanea infection Treatment has rarely been successful 
in endocarditis due to this orgamsm PoIym 5 am E does not appear to have 
been tried as a method of treatment, but neoraycm was given to 1 patient 
in whom the infecting orgamsm was inhibited by 0 6 pg per ml of the 
antibiotic The drug was given in doses of 0 5 G intramuscularly every 
6 hours for 14 day s Although the patient lost bis hearing for higher frequen 
cies, ho survived (Kenoyer, Stone, and Levin, 1952) 

IJaemophiliis infection Several antibiotics have been used successfully m 
this condition Wilson (1948) and McCoy and Meyer (1948) had success with 
streptomj cm therapy alone, and Geraci (1952) found that oxytetracycime 
together with dihj drostreptomycm were effective when the orgamsm was 
inhibited by 1 5 pg per ml of oxytctracycline In patients described by 
Goudie and Lowther (1951), Hunter (1W7), and OJinger (1948) the blood 
stream was cleared of Haemophilus para influenzae by streptomyem 
alone 

Salm iyphimunnm infection De Swiet (1949) succeeded m sterihzmg the 
blood and the vegetations of a patient infected vnth this organism by givmg 
4 G of chloramphemcol 3 hourly followed by I 5 G 3 hourly Death 
occurred none the less but was due to a number of infarcts in a flabby heart 
muscle Blood cultures of another patient were cleared of infection but only 
after dihj drostreptomycm and chloramphenicol were administered Treat 
ment, how ever, was stopped too soon, the infection recurred, and the patient 
died (Stumpe and Baroody, 1951) 

Brucella infection A smgle case, treated from the start with streptomycin 
and 6 G of sulphadiazme daily, recovered (SpinL, Hall, Shaffer, and Braude, 
1948) Hart, Sforgan, and Lacey (1951) attempted to cure a patient with 
a Br abortus infection by gmng mcreasmg doses of ehlortetracyclme and 
chloramphemcol, to both of which the organism was sensitive This corabina 
tion was followed by streptomyem and penicillin, but the infection could 
not be controlled In the terminal stages, chloramphemcol alone seemed to 
have some effect, but by this time embolic phenomena were too frequent to 
be controlled 

Neisseria subflava This organism was isolated from a case by JIcCoy and 
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Meyer (1948) Its sensitivity to streptomycin as 0 5 /ig per ml and treat- 
ment with 2 G of this drag daily m 3 hourly doses, together with GOO 
milli nn Umts daily of pemciUm, ended m recovery 

ChTomobadenum prodigiosum A case infected with this organism faded 
to respond to treatment (Ha we and Hughes, 1954) This is, houever, a very 
rare form of endocarditis 

Endocarditis in uhtch the responsible organism was not isolated These cases, 
although they present a problem to the attending physician, seem to have 
had a good prognosis One patient treated with streptomycin by Wilson 
(1948) recovered, and 2 treated by Fnedterg (1952) with chlortetracyclme 
m doses of 3 to 4 G dady for 7 to 8 weeks also recovered 0x3detracyclme was 
responsiblefortherecoveryofl patient who also received cortisone (Donzelote, 
Kaufmann, and Castel, 1952) A 4th patient recovered after receivmg 
tetracyclme (Ravma, Pestel Trocme, and Albouy, 1055) In a number of 
cases treated with streptomycm and pemcilhn, the fever was controlled 
(Aarseth and Gaustad, 1951 Klcmfelder, 1951 , Pearsall, Pillow, and Wood, 
1948, and Wdlcox, 1950) 


Conclusion 

From a survey of the different antibiotics and combmations of antibiotics 
which have been responsible for recovery in the cases mentioned above, 
apart from pemcdlm there seems httle to choose between the various drugs 
Some reliance should be placed on sensitivity tests but, m a condition with 
such senous consequences, the most dehcate test is required For this a 
serial tube dilution teat is the most appropriate, particularly when a combma 
tionofaatihiotiC3istobete3ted(8eeJawetze^a/ ,1955) A second consideration 
to be borne m mmd is the size of the dose Bactericidal concentrations are 
almost always higher than those which merely inhibit bacterial growth, so that 
the highest dose compatible with the patient’s tolerance should be chosen 
With pemciUm, where the upper hmit of tomcity in man is not yet known, 
20 000 Tlnits 2 to 3 hourly was at one time sufficient to cure some patients, 
but smce that tune doses amountmg to 100 milhon Umts daily have been 
employed when considered necessary With the tetracyclmes, doses of 3 to 
4 G a day by mouth, given at 6 hourly mtervals are seldom well tolerated 
and, m consequence mtravenous administration should be considered 
Streptomycm, although seldom free of vestibular consequences when mjections 
amounting to more than 1 G dady are given, can be admmistered m doses 
of 2 G per 24 hours with only temporary impairment to the 8th nerve so 
long as treatment is limited to 3 weeks Erythromycm is again a drug which 
easily gives nse to gastro intestinal troubles when administered orally 
Intravenous admimstration is therefore to be considered m patients who 
cannot tolerate the drug by month 

As regards the newer antibiotics, they have not been tested long enough 
to allow one to assess their dependabihty m treatmg endocarditis Novobiocm 
13 a possible therapeutic agent m the treatment of this disease Vancomj cm 
and nstocetm have had remarkable and encouragmg effects m a few cases 
When all suitable antibiotic therapy has been given, however, it is well to 
remember that no more can be expected of antibiotics than the control of 
the infection The sequelae of endocarditis inherent m the process of heahng 
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still remain a problem ruptured or acarred and calcified valves causmg 
congestive heart failure, sclerotic kidneys foUowmg renal embob, and cerebral 
embolism are etUl responsible for a great deal of morbidity and for death 
among patients The late results after treatment are illustrated in a senes 
of 19 cases descnbed by Henriksen and Neukirch (1955) Thirteen of these 
19 patients were discharged from hospital as bactenologically cured, but of 
the 10 followed up for to 7 years, 2 had cardiac insufficiency, 1 spastic 
hemiparesis, 1 mitral stenosis which was still compensated, and 4 led normal 
lives Kaipainen and Seppala (1957) supported the view that the immediate 
survival rate gave a much more optimistic outlook than that assessed 4 years 
after the onset and treatment of the disease 

Infections of the Respiratory System 
Upper respiratory tract infections 

It IS these common ailments which give rise to most errors m antibiotic 
treatment The common cold, wth a sore throat, even when it isaccompamed 
by pyrexia is more often due to an insusceptible virus than to a bacterium 
Only when the cold persists or invades the paranasal sinuses or middle ear 
should a secondary bactenal infection be suspected, and m these circura 
stances swabs of nose, throat, or ear should indicate whether or not an anti 
biotic 18 required A recent report of the treatment of acute severe sore 
throat or acute otitis media in general practice seems to be at variance with 
this opmion Chappie, Franklin, Paulett, Tuckmsn, Woodall, Tomimson, 
and ItIcDonald (195G) claimed that the number of days of illness m patients 
given oral pemcillm was reduced to nearly one ha^ of those in patients 
receiving a placebo onlj That results of treatment w ere simiJar irrespective 
of the isolation of haemolytic streptococci from the throats is an indication 
not of their absence, but of the physicians’ car© in chmcal diagnosis, for the 
infection arises within the tissue of the tonsil rather than on the surface 
where streptococci are only present %ihen they are extruded with the exudate 
from the crypts When the cluucal appearance of the throat is mdicative of 
a streptococcal infection penicilbn should be administered whether the cul 
tures from the throat swab are positive for Sir pyogenes or not Treatment 
should be continued, either by mouth or intramuscularly, for at least 6 days 
to ensure that there are no recurrences An earher investigation carried out 
by Jones, Bigham and JIannmg (1953) on 150 patients with respiratory tract 
disease tested the relative effects of 600 mg of aspirm, 500 mg of oxytetra 
cyclme, and 200 mg of erythromycin repeated 6 hourly by mouth Patients 
with positive serological tests for viral infection were omitted from this senes 
The average number of hours which patients took to become afebrzJe with the 
three drugs were 30, 41, and 42 respectively If it is legitimate to draw con 
elusions from these two separate groups of mvestigators, it would seem that 
penicillin still remains the antibioticof diedee m severe infections of the upper 
respiratory tract 

Occasionally the reaction to the streptococcal infection is so intense that 
pemcillm alone cannot control it In such a case cortisone may be of benefit 
In a patient described by Doemer, Kaegele, and Regan (1951) the infection 
became generalized and serous effusions occurred m jomts and pleural and 
pericardial spaces A raised eosmophil count was present This patient 
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shotted little response to pemcillm and chlortetracycline or to strepto- 
myem, but became afebrile within 12 hours once 100 rag of cortisone 
had been given This dose was contmned daily for 4 dajs, and uas then 
reduced to 25 mg a day for 28 days By this time the patient had fully 
recovered from the allergic reaction as well as the haemolytic streptococcal 
infection 

When choosmg an antibiotic for streptococcal infections it is ivell to remem 
her that haemolj tic streptococci are not uniformly sensitiv e to jicmciUin 
Sir pyogenes or /3 haemolytic streptococcus belonging to Lanccfield group 
A, the common cause of ‘streptococcal throat’, is an organism whoso suscep 
tibility has varied httle m the years dunng which pemcillm has been used in 
the elimc When a haemolytic streptococcus isolated from the throat does 
not belong to this particular group, however, it is advisable to try tests for 
sensitivity to various antibiotics m order to find the one whicli is most suit 
able According to Jones and Finland (1957 c) there are good hopes that 
erythromyem will be an excellent substitute 

Bronchitis 

A smgle orgamsm is seldom isolated from the sputum or pharynx of patients 
suffering from an attack of bronchitis In describmg the bacteria cultivated 
from 225 pharyngeal swabs made from 163 patients, Prigal (1950) found 
non haemolytic streptococci most frequently Others, in order of frequency, 
were Nenaena catcrrhalia, pneumococci, haemolytic staphylococci, haemo 
lytic streptococci, PrcUus vulgarta, diphtheroids, coUform bacilh, Mtcrocoecus 
Utragenua, a haemolytic streptococci, Bact frieilandert, streptobacilli, and 
micrococci ^Vhetber any of these bacteria or none of them is responsible 
for the patient s condition is m doubt, but it is certain that any antibiotic, 
which 13 inevitably selective wnll encourage the growrth of those organisms 
which are not susceptible to it Bloomfield (1951) pointed out bow an uifec 
tion due to H tnfluenzae could by the 4th day be superimposed on a broncho 
pneumoma treated with pemcillm Frequently the coliform flora multiply 
under antibiotic therapy although they are seldom isolated m routine cultures 
of normal respiratory passages Although these changes m the throat flora 
may be harmless m some circumstances, they may produce serious conse- 
quences when they occur on already damaged mneous membrane For ex 
ample, a patient to whom pemcillm and streptomyem were administered for 
several days, after pneumonectomy, developed a semi purulent bronchitis 
on the 3rd day The sputum culture produced a pure growth of coliforms 
Although these organisms were highly sensitive to oxytetracyclme and chlor- 
amphemcol they were not remov^ from the sputum m spite of large doses of 
these antibiotics over 5 weeks Eventually, when the bronchitis cleared, the 
cobforms also disappeared Pngal (1950), who considered that the treatment 
of respiratory tract infections was best earned out by means of aerosols, found 
that m all the cultures made m his senes the majonty of organisms were 
inhibited by a combmation of pemcillm and bacitracm, or of these 2 drugs 
together with streptomyem So long as an aerosol method of administration 
IS adhered to, this combmation should be a good one Nevertheless, patients 
were apt to have recurrent attacks m spite of the good immediate response to 
treatment This Pngal asenbed to reinfection ivithm a family, for he fre 
quently found similar organisms m the throats of members of one family, the 
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moat common ones bemg liaemolytic staphylococci, ^ haemolytic strepto 
COCCI, and pneumococci 

There is one organism which Erigal (1950) did not find which has now 
become particularly prevalent This is Haemophilus influenzae Its im 
portance has been stressed by May (1953), for of the bacteria which ho was 
able to isolate from chrome bronchitis H influenzae and the pneumococcus 
were the onlj ones consistently associated mth the presence of pus m the 
sputum In some cases Staph aureus and Fnedlander s bacillus were also 
associated ivith a purulent sputum By ehminatmg the orgamsms from the 
sputum one by one by means of chemotherapy, Slay concluded that there 
was no correlation between the presence or absence of pus and the presence or 
absence of *S'fr vindans, Heissena caiarrhalts, Slaph or non haemolytic 
streptococci For i/aewK^hdusin^Mensaeinfections chloramphenicol is amost 
active agent when given m divided dos^ amountmg to 2 G daily for up to 14 
days (Mulder, Goslmgs, van der Plas, and Lopes Cardozo, 1952) Where suit- 
able supervision of the reaction of the patient s baemopoietic system to the 
drug IS not available, as when he is being nursed at home, the tetracyclines are 
useful for this infection (Romansky and Reiser, 1952), and er 3 fthromycm has 
also proved its effectiveness (Romansky, Nasou, Davis, and Ritts, 1956) In 
view of the gaatro mtestmal disturbances produced by these drugs, how ever, 
do3e8of0 25G C hourlyshouldbetncd.togetherw-itbSSOmg ofsodiummeta 
phosphate, m preferen ce to 0 6 G 6 hourly, which was th e dose most commonly 
used in early clmical trials A combination of antibiotics is to be considered 
m less responsive conditions where a number of orgamsms are considered 
responsible Lepper, Kofman, Blatt. Dowling, and Jackson (1954) used the 
tetrac} chnes with or \vithout pemciUm and erythromycin m the treatment of 
hronciutis m patients suffering from poliomyehtis who bad bad tracheotomy 
performed on them Yet this is not %nthout its risks Livingstone, Austen, 
and Kunz (1957) used combinations of pemcilUn, streptomyem, and tetra 
cycline for the treatment of patients with pohomyebtis undergomg tracheo- 
tomy Serial cultures in cases other thou tracheotomy revealed that 9 
different species of bacteria appeared dunng the period of prophylaxis, much 
the most frequent orgamsm bemgi&qpA aureus, resistant to many antibiotics 
Accompanjmg these flora in a majority of patients was apulmonary infection 

Chronic infections of the bronchi, chrome bronchitis, and bronchiec- 
tasis 

When bronchitis becomes chronic and the mucosa is already damaged, 
many bacteria mvade the bronchi and it is seldom possible to tell which are 
mainly responsible for the conditimi Helm, May, and Livingstone (1954) 
considered that H influenzae was chiefly responsible at the time of their 
report May and Oswald (1957), however, pointed out that single specimens 
of sputum may be misleadmg for in one lump of pus one type of bacterium 
may grow freely, while m another this organism may be entirely absent 
Assessment of progress under treatment therefore depends more on cUmcal 
than on bacteriological evidence Nev^heless, by repeated examination 
Maj and Oswald (1956) were able to isolate H influenzae from the sputum of 
every patient m their trial of oxidetrai^clme and tetracyclme over the winter 
months of 1955-6 On a regular dose <rf 0 5 G three times a day, or as near 
to this amount as patients could stand, 22 out of 37 patients wth chronic 

B 7873 Q 
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added infection Mith penicillinase*prodacmg Btaphjlococci However, relap- 
ses occurred and had to be treated as on the first occasion From this method 
of management Fmke claimed that he markedly reduced the loss of working 
time In a representative series of 51 cases, whereas 9 had previously been 
disabled, 2 only remamed so , and while 26 patients before treatment had 
lost 8 da 5 ’s or more per attack, only 11 did so after treatment , and the number 
of those who did not have to absent themselves from work for 8 days or more 
had risen from 16 to 38 Comphcations which followed treatment mcluded 
pneumoma m 3 patients and suppurative otitis media m another — a child 
Reactions to pemcillm occurred in only 13 patients, m spite of the fact that 
asthmatics were mcluded in the senes In 3 per cent the reaction involved 
immediate shock following an injection, while the remamder suffered from 
urticaria, angioneurotic oedema, or other less serious symptoms There were 
no blood dyscrasias, but gastro intestinal symptoms due to the tetracyclmes 
were troublesome Fmke (1954) contended that the average patient with 
a bactenal respiratory infection faces a smaller nsk to his health from anti- 
bacterial medication than from the hberal use of certam symptomatic 
remedies 

Studies of the comparative effectiveness of antibiotics m dealmg with 
chrome infections of the bronchi were undertaken by Douglas, Somner, 
JIarks, and Grant (1957) and by a subcommittee of the Medical Research 
Council (1037 a) In each tnal the antibiotics cbosen for tnal were pemcillm 
and oxytetracycline Douglas ei al abo treated a senes with cbloramphemcol 
Treatment was by intramuscular injection or by mouth The senes of patients 
treated by Douglas ei al comprised both chrome bronchitis and those with 
bronchiectasis Foatural dramage and percussion of their chests was part of 
their treatment Each patient receiv^ a short course of pemcillm intra- 
muscularly amounting to 1 or 2 oulhoa Units, and only if this faded to dear 
the pus from the sputum did they receive cbloramphemcol or oxj’tetraoychne, 
0 5 G by mouth every 6 hours The senes, therefore, were not strictly com- 
parable Nevertheless, the results were not m favour of pemcillm as judged 
by the effect on the purulence of the sputum The percentages of patients 
who made a complete response to treatment or failed to do so w ere as follows 

I’ereenlaffe tefio 

Ao o/ responded JaiUdto 
Treatment Condition patienta cornplelelif respond 

Penicillin (1-2 million ITnita) Bronchiectasis 42 21 57 

,, ,, ,, Chrome bnmchitis 89 63 33 

Cbloramphemcol 1 Bronchitis or 23 78 32 

Oxytetracycline | Bronchiectasis 28 39 43 

Unquestionably cbloramphemcol appears from these figures to be the most 
smtable drug Moreover it took less time to convert the sputum to a mucoid 
consistency than did oxytetracychne 

Takmg the tnal conducted by the Medical Research Council (1957 a) as 
a final comparison, there tvas no preliminary weedmg out by 1 antibiotic 
and all patients were suffermg from bitmdueciasis demonstrable by broncho 
grams, with symptoms for at least 2 years Postural dramage was practised 
by all patients and each was allotted to his or her type of treatment m 
a strictly random manner Too capsules contauung 250 mg of pemcdlin. 
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oxytetracyclme, or lactose were given to each patient to be taken 4 times a 
day on 2 days a week at home Results were assessed at the end of a year and 


can he tabulated as below 

Jxictoge 

Penici/hrt 

Oxytelracyclim 

No of patients* . . 

Final percentage of ongmal volmne of 

36 

36 

40 

aputum 

Percentage of patients with aevere 

76 

74 

61 

cough reduced from 

37 to 25 

40 to 20 

31 to 10 

>,0 of patients with haemoptyses 
Percentage with dyspnoea on exeriicm 

22 

25 

1C 

reduced from 

41 to 32 

60 to 30 

42 to 28 

Percentage working days lost in year 

25 

21 

19 


* Patients excluded 3 who died. I m each group. 1 who died from a congenital 
abnormality, 2 who were unable to tolerate the drugs (penicillin and oscytetracyelme), 
4 who defaulted in lactose and oxytetracyclme groups 


Although the differences are not very great, yet they are all m favour of 
oxytetracyclme Its great disadvantage is its cost For this reason the mter- 
mittent treatment begun at the onset of each chest cold and prescribed by 
Elmes et al (1957) has much to recommend it 

The proper treatment of chrome bronchitis, again according to Finke (1952), 
IS to clear up completely the acute respiratory infections of childhood Fmke 
considered that prolonged treatment at this stage should prevent the per 
Bistence of residual infectioa and consequently the irreversible changes m the 
bronchial mucosa which make it liable to repeated infections \Vhether this 
18 BO, or whether the chrome infection is the result of a congemtal anomaly, 
there is no doubt that the early arrest of supervemng infection is the best 
treatment of the chrome condition In any type of treatment where pro 
longed use is made of one drug, oue must bear m mind the possibihty that 
infection resistant to chemotherapy may in time arise In treatmg 15 patients 
sufienng from chronic bronchitis and bronchiectasis with mtravenous tetra 
cyclme for 5 to 10 days only. Fox, Dowhng, Saxton, and Iklellody (1957) 
observed changes in the flora of the sputum Pathogens such as H xnjlutmae, 
pneumococci, and p haemolytic streptococci disappeared m every case, but 
in the sputa of 2 patients they were replaced by Staph aurexu Although 
the purulence of the sputum cleared in other patients, it persisted m one 
where S^apA aureus bad appeared It is possible, therefore, that prolonged 
treatment might hrmg about a state at least as severe as that from which the 
patient origmally suffered 

On occasion the oedema and congestion in the region of the glottis may 
lead to an acute respiratory emergency for which drastic measures are neces 
sary Such conditions were described by Garden, Lemberg and Greenebaum 
(1951) m 8 different cases These authors recommended the following treat 
ment once the condition bad been differentiated from left ventricular failure 
or pneumoma The tracheo bronchial tree should be aspirated repeatedly, 
and oxygen, a broncbodilator and vasoconstrictor, and antibiotics should be 
admimstered Pemcillin and streptomycin were used at first ns an aerosol 
Later they w ere given parenterally as procaine peniciUm m a dose of 300,000 
or 600,000 Umts m 1 or 2 injections daily with streptomyem , the strepto 
mycm was given m doses of 1 G adayinlor2uijections When the response 
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■was not quick enough from pemciUm and streptomycin the tetracyclmea 
■wore recommended and it was claimed that, u hen these ■were given by mouth, 
intravenously, or even by aerosol, they improved the prognosis In special 
cases bacitracm or chloramphenicol were of value The actual results quoted, 
hovever, appear to have been obtained without these latter antibiotics Of 
4 cases treated by the various methods described above, but with the 
exclusion of antibiotics, immediate rehef and recovery followed m 1 only, 
of the 4 to whom pemcilhn and streptomyem were administered 3 recovered, 
and the 1 ivho died had received penicillin by mouth only Barach (1951) 
also used antibiotics as well as bronchodilators, cortisone, and mechamcal 
measures to control bronchial asthma and emphysema Barach found the 
tetracyclines or chloramphenicol particularly valuable in the acute respzra 
tory i^ections which occurred in these patients, but he rehed on penicillin 
for prolonged treatment The most difficult infections to eradicate at that 
time were those due to proteus or moniha, nj’Statm was not at that time 
available 

For asthma mth bronchitis Finke ( J954) gave cortisone with the antibiotics 
One hundred mg w ere admimstered daily by mouth with gradual reduction 
of the dose to 25 to 50 mg in 2 weeks , the dose was gradually reduced still 
further until it iras discontinued Reactions to the cortisone undoubtedly 
occurred, for example, oedema or hypertension in adults, and weight gam, 
gastric disturbances, and enuresis m children , and skin reactions and gastric 
upsets followed the antibiotic treatment Nevertheless, the results were 
sufficiently gratifying to justify the treatment Of 78 patients receiving 
therapy over 2f to 5 years, results were considered go^ or excellent in 
no less than SO per cent Once it had been discontinued the cortisone was 
not again required for 9 months or more Thus the working capacity of 
these chrome sufferers was much improved It was pointed out that much 
better results were obtained in the younger, and less chronic, patients 
Fluke’s findings were confirmed in pari in a smaller senes by Savidge and 
Brockbank (1954) 

In patients ^vith bronchiectasis the object of treatment is somewhat 
different from that in chronic bronchitis mth asthma If possible, the offend 
ing lung is resected but before this operation is performed eradication of the 
bronchial flora is aimed at, rather than relief of the acute exacerbation 
Ehmmation of all the flora present m the bronchial secretions should entail 
the admiraatration of a succession of autibiotus Nevertheless, it is interesting 
to note the observations of Wynn ’Williams (1953) on a 5 year survey of 
a population of nearly 150 000 in end around Bedford, England Amongst 
these people 214 were found to have bronchiectasis, yet in all these cases 
resection had been earned out m 6 only, where there was bilateral disease or 
comphcations from the bronchiectasis The patients had been treated by 
penic illin , streptomycm, and/or chloramphemcol, and of the 6 deaths which 
had taken place m the previous 3 jears, none had been from pneumoma or 
other mfective comphcations The condition of the other patients had re 
mamed stationary Wynn WiUiams concluded that a high proportion of 
bronchiectatics are hkely to remam ■well and be httle mconvemenced if they 
persevere -with postural drainage and antibiotics In another small senes of 
patients with chronic and advanced respiratory Infections, Helm, May, and 
Livmgstone (1954, 1956) reported results soon after begmning treatment and 
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2 to 3 years later In this senes oxytetracyclme was used BneSy the results 
were as follows 

No on 
treatment 
vnlh benefit 




Ao on 

(oppro* 

2 Cause of 


No oj 

treatment 

years) 

abandoning 

Condition 

COM* 

19S4 

1956 

treatment 

Chronic staphylococcal pneumoua 

1 

1 

0 

Died after 3 years 

Bronchitis 

17 

9 

5 

Autogenous \accme 
required — 2 
Recurrent diar 
rhoea — 1 
Relati«ly alight 





benefit — 1 

Infective asthma 

13 

0 



Bronchiectasis 

7 

4 

3 

Relatively alight 





benefit — 1 

Totals 

3S 

14 

8 


These figures do not look particularly encouraging 

In the one patient 


suffering from chrome staphylococcal pneumoma benefit was at first obtamed 
from ox 3 ^etracyclme, but eventually a resistant staphylococcal infection, 
supervened, and deterioration occurred, despite increase in the dose of the 
drug A combmation or succession of drugs thus seems to be indicated 

It would thus appear that surgery is now indicated, not to remove irremedi* 
ably infected areas but to remove structural abnormahties which mterfero 
with respiratory function Thus chrome fibrotic changes may lead to em 
barrassment of the heart or to difficulty m aeration of the remaining health} 
tissue Both of these conditions may be improved by removing all or part of 
the offending lung 

Abscess of the lung 

The organisms usually found m acute lung abscess are spirochactes, fusi 
form bacilb, vibrios, and/or Gram positive anaerobic cocci (Shoemaker, Yow, 
and Byrd, 105S) All the organisms are sensitive to pemcilhn and this drug 
has been admimstered from 1943 onwards for this condition (for example, 
Drake and Sones, 1951) Undoubtedly pemcillm reduced the incidence of and 
mortahty from lung abscess (Blades, 1947, Neuhof, 1945 Waterman and 
Domm, 1954 Wemgartner, 1955) The addition of streptomycm was also of 
benefit m many cases There were still cases hou ever, which became chrome 
and were refractory to treatment In these the tetracyclines or chloram 
pheracol have often been mvaluable, for example, m the 2 cases described by 
King Lewis, Welch, Clark, Johnson, Lyons, Scott, and Comely (1950) 
WTiether or not lung abscesses are amenable to any particular antibiotic now 
depends largely on the results of the sensitivity tests of the bactena invoh ed 
Given an effective antibiotic, healmg wiH none the less depend not only on the 
admimstration of a smtable dose, parenterally, by mouth, bj aerosol, or by 
instillation, but also on smtable drainage either by posture or bj surgical 
means WTien the infection has been ehmmated there remains the question 
of removing the fibrotic area where the abscess was originally situated 
Lobectomy or resection of part of a long is only indicated when the structural 
deformity mterferes with the proper fiuietioning of the lungs Empyema, 
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bronchopleural fistula, post operative pain, and brain abscess are still com- 
plications which cannot always be avoided (Shoemaker ei al , 1955) but they 
seldom cause death when diagnosed in time The treatment at present 
adnsedisthatofShoemakereiff? (1955) aqueous penicillin in doses of 100,000 
to 300,000 Units 4 hourly by intramuscular injection, followed, after definite 
clinical improvement has occurred, by a long actmg preparation of penicilhn 
Weekly bacteriological examinations of the sputum and sensitivity tests 
should be made so that another antibiotic to which the orgamsms are suscep- 
tible may be used when penicillin resistant orgamsms appear The patient 
should be confined to bed until afebrile and progressmg favourably With 
these methods, and bronchoscopy when postural dramage did not appear 
adequate, the 67 patients treated by these authors between January 1950 and 
December 1054 were febrile for an average of not more than 8 days, and they 
remamed in hospital for an average of only 34 days Although complications 
occurred, even metastatic hram abscesses, all patients fully recovered mth or 
mthout operation The figures given by Shoemaker et at (1955) coincide 
remarkably -ueli wth those of Gittens and Slihaly (1954) These authors 
described 37 patients with acute lung abscess Those treated by penicillin 
recovered m an average of 35 days, those treated by pemcdlin and sulpha 
diazine m 67 7 daj’s , and those treated by one of the tetracyclines m 64 to 69 
days The results of this senes of cases, though small, are once more in favour 
of pemcilhn 

Bacterial pneumonia 

Since the responsible orgamsm in bacterial pneumonia is most commonly 
the pneumococcus, u hich is one of the most sensitive of bacteria to antibiotics, 
there are few antibiotics to ubich pneumonia does not respond Smeo it has 
no tmpleasant gastro mtestmal consequences and acts rapidly, pemciUm is 
preferable to the tetracyclines or chloramphenicol, but there is little difference 
m the therapeutic results (Weiss Eisenberg, Alexander, Mann, and Flippm, 
1954) As with all conditions discussed in this section, the advisability of 
serial examination of the exudate, in this instance the sputum, is emphasized 
With pemcilhn treatment the pneumococcus may be replaced by a pemeil 
Imase produemg staphj lococeas or by Gram negative bacteria, in which case 
a tetracyclme is mdicated A resistant infection may also supervene m cases 
treated imtially with the tetracyclmes tVTien this occurs the appropriate 
antibiotic for the predominant orgamsm is indicated The use of antibiotics 
has not only lowered the death rate since the sulphonanude era (Dowhng, 
1956) but deaths now are not so much caused by the primary infection as by 
the damage caused to the heart and other organs, especially in elderly people 
Deaths may be due to congestive heart failure, auricular fibrillation, cerebral 
haemorrhage, bronchiectasis, dehnum tremens, diabetic coma, uraemia, or 
cirrhosis of the hver, rather than to the infection itself (Dowhng and Lepper, 
1951) 

Staphylococcal pneumonia 

More than in any other infection, sensitivity tests are needed for the respon 
Bible staphylococcus Expenence is not uniform m the results obtamed from 
certain antibiotics For example, of 15 cases occurring in Ulster, after an 
outbreak of mfluenza, 6 recovered on penicilhn alone, 3 on streptomycin 
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following penicillin, nnd one on chlortctrac) dme following penicillin (Grant 
anti Barber, 105^1) Of late jears incrcn^ing attention has licen drawn to 
the prcanlence of pneumonia caused bj antibiotic reswtant staphjlococci 
Hnusman nnd Knrlis (lOjO) descrtliwl 18 such cases m a consccutiio eenes 
of 122 cases of pneumonia ndmittcil to one medical unit during 10)2 to 195-t 
Though no epidemic of influenza prcvailctl in the area from which the patients 
were drawn, the cases w ere noted for the scscnlj of their infection All of the 
Btaphj lococci tested (bj the disk mcthoil) were resistant to 1 to 5 Units per ml 
penicillin nnd the results of treatment indicated that m 3 other patients the 
stnphjlococcHs was resistant rortunateI> nllescntually rcco>erc<l on treat 
ment wath a tetraejehne or crjthromjcm The following j car Gresham nnd 
Glccson ^^hltc (1057) described the pathological findings m 14 cases of fatal 
staphjlococcal pneumonia Pus was found m the bronchi and bronchioles 
nnd the aheoli were surrounded hy hacmorrhngic ocilcma and filled wiUi 
similar fluid ^lany pol\*morplionuclear cells and clumps of Gram posituc 
cocci were found in the affected bronchioles nnd nHcolnr ducts Chiltiires not 
alwajs showing a pure growlh of staphylococci contam«l organisms which 
were resistant to penicillin streptomacin, chlortctracychne, and, in nearly 
e\cry case to chloramphemcol One organism was resistant to erythromy cm 
The«o authors statwl that in few of these patients was the infection suspectwl 
during life as they wcrealreadv ill from othcrcauscs such ns coronary throm 
hosts, bronchial carcinoma chrome tetanus, gencml peritonitis, Ac 

Again Beasen and Burry (lO'fl) descnbeil an epidemic of staphvlococcal 
pneumonia anti empyema m newborn infants following minor superficial 
infections in which 8 out of 1 1 infants died The staphy lococci w cro nil found 
to bo resistant to pctucillm nnd to show varying degrees of resistance to 
streptomy cm chlortctncy clino an<l ovy tetracycline, anti to chloramplienicol, 
but all were sensitiio to erythromycin 

The problem in these cases is m making a speedy diagnosis \\ ith a culture 
of the staphylococcus in hand it should not I>c difficult to find the antibiotic or 
combination of antibiotics mimical to its sprend 

Klebsiella pneumonia 

Although rare, pneumonia due to f nedlander s bacillus occasionally occurs 
For this condition, streptomycin together with sulphonsmides penicillin, 
chloramphemcol or one of the tetracyclines is indicated (Gill 1051, nnd 
Krrby and Cbfeman 1951) Unhappily, e\cn mth the li^p of enttbtofii^, tha 
prognosis 13 not good Jeney (1057) stated that the mortality was still ahout 
50 per cent He recommended the administration ofsulphonamidcs, strepto 
mycm and tetracy cUnes Limson, Roroansky, and Shea (1050) mdcscribing 
the outcome in 13 patients with the acute disease seen over 2 years found 
that 9 had died, all of whom were alcoholics Of the 4 survivors 2 received 
tetracychne alone or with streptomycin and later chloramphemcol, while tlie 
1 serious case succumbed after receiving, in succession, pemcillm, strepto 
my cm and chlortetracy clme Another case, a chronic alcoholic of 70 years, 
who had meningitis as well was treated successfully by Sterkel nnd Knight 
(1957) No new antibiotic was introduced into his treatment for he was 
given sulphadiazme penicillin and streptomycin, but he also received corti 
sone Whether because of or in spite of this last drug ho fully recovered 

From these reports there is no clear cut evidence that an\ single antibiotic 



Oiaptcr 7 IN DISEASES CONSIDERED BY SYSTE3IS 233 

13 outstanding in its effect on Klebstdlapneumontae Some indication has been 
given by Weiss, Eisenberg, Spivaek» Nadel, Kayser, Sathavara, and Flippin 
(1956) that studies tn wtro favour streptomycin and chloramphenicol 

When faced with the immediate treatment of a patient suffering from 
pneumonia, the physician finds too many antibiotics available rather than 
too feiv The study carried out for the Medical Research Council in London 
hospitals, fromFebruary 1930 to August 1951 in 267 cases of pneumonia, had 
as Its object an assessment of the relative value of treatment by pemcillin 
alone and by pemcillin together mth sulphonamides, chlortetracyclme, or 
chloramphemcol, irrespective of the aetiology of the disease The results, as 
far as mortahtj uas concerned, nero in favour of pemcillm alone, and they 
were very defimtely inits favour from thepomt of view of economy of expendi 
ture (Medical Research Council, Report to 1951) Thus, although a physician 
may need to change hia treatment m the light of laboratory findmgs, penicillin 
would seem to be tbo first choice for the treatment of bacterial pneumonia 

Atypical pneumonia 

Primary atypical pneumoma has already been dealt xnth under viral infec- 
tions ’^fuch ivork has been done on comparative tnals with different anti- 
biotics As late as 1954 conclusions were still being drarni about the greater 
effectiveness of chloramphemcol or the tetracychnes compared with penicillin 
Tetracycline was considered the most suitable of these drugs, but the evidence 
did not amount to a demonstration that any of these agents were specific for 
the infection m question (Graves and Ball, 1051 , Gallagher and Gallagher, 
1952, Meiklejohn, Thalman, Wabgora, Kempe, and Lennette, 1954, and 
Peck and Berry, 1951) Studies elsewhere than m the Umted States were not 
unammously in favour of antibiotic treatment for this condition (Berglund, 
1954 , and Hilden and Norregaard, 1950) and opmions even about the anti 
biotics uere also divided (Fiidand, 1953) The difference between controlled 
and treated cases increases with the seventy of a lesion Walker (1953) 
therefore selected from his senes only those patients with radiological evidence 
of pneumonia and charted the incidence of cough and fever during and after 
therapy Fig 13 shows how closely these approximated one another whether 
the patients received a placebo or chlortetracychne 

Infections within the Abdomen 
Pre-operative preparation 

The mam surgical interest m the use of antibiotics for the alimentary canal 
has been in reduemg the bowel flora so as to render contamination of the 
wound or the peritoneum a less senoos nsL The requirements of an antibiotic 
for use m bowel surgery are that it should reduce the flora of the gut without 
inducmg resistance in the orgarasms, that it should exert its effect over a 
reasonable period of tune, and that it should not irritate the mucosal Iming 
of the gut Since 1950, numbers of comparative tnals have been earned out 
in the hope of findmg the ideal antibiotic or combination of antibiotics for 
this purpose In 1950 chlortetracyclme and oxytetracyclme, together -with 
vitamin supplements daily for 4 to 5 days, were considered adequate to keep 
patients afebrile after operation in spite of contamination of the peritoneal 
cavitj mth faeces (Andma and Allemann, 1930) Comparison of the bactenal 
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flora of the stools m patients treated ^th chlortetracycline, chloramphemcol, 
the sulphonamides, or dihjdrostreptomyan by mouth favoured chlortetra 
cychne, but even inth this drug a not mconsiderable number of resistant 
organisms nere found m the stools Among these nere Ps aeruginosa, 
B proieus, Sir Jaecalis, A aerogenes, coagulase negative micrococci, aerobic 
spore formers, and yeasts TNTiether or not the bacteria developed resistance 
after administration of the drug, as in the case of dihjdrostreptoraycm, or 
were resistant from the beginning of treatment, none of the agents was ideal 



Fio 13 The course of pnmaiy atjrpicsl pneuroonis u demorulretod incidcneo of 
cough before and fever after bcguming of therapy in }oung adulU with rad ologte evi 
denre of the diseaae 

* No of cases (d agnosia by exclusion of other diseases or by 4 fold nm in cold 
haemagglutination titre from acute to convalescent stages Treatment— Hiureomyein 
0 S G fl hourly till the temperature was norroat for S days or by yellow placebo capsules 
m the aame dosage 
^Ttom.V.alW Awwr i Med 

(Dearmg and Heilman, 1950) When bactenal counts rather than the pre 
scnce or absence of certain organisms «cre the criteria used, it nas found that 
the administration of pemcillm parenterally in doses of 500,000 to 1 million 
Umts dailj produced a consistent rise in the number of aerobes present, 
particularlj E cob, buthadnoapprcciableefTcct on the frequenej or character 
of the stools as «as the case with chlortetracycline On the other hand, 2 G 
of streptomy cm daily greatly reduced the number of aerobes present o\ cr the 
first 3 days of administration and the tetracycline (1 to 2 G daily) rcducctl 
the number of both aerobes and anaerobes (Marshall, Palmer, and Kirsnor, 
1950) Pulaski, Connell, and Seeley (1950)Crstdrewattcntiontothepos8il)le 
clinical significance of bacteroides, ahich could be isolated from the stools 
only with some difficulty Thc«e organisms are apparently responsible for the 
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foul odour of the stools Of 4 varieties tested, 3 w ere particularly sensitive to 
penicillin and a fourth to ovytetraiycline (Garrod, 1955) However, m 
general, more of these organisms jn different sites could be controlled by one 
of the tetracyclines (Fmegold and Hewitt, 195G , Lodenkamper and Stienen, 
1955) According to Garrod (1955), those varieties ivhich are sensitive to 
penicilhn were most commonly found in the upper part of the alimentary 
tract, those most sensitive to tetracycline m the lower bowel It is possible 
that these bacteria, a Inch are sometimes responsible for various septic condi 
tions ranging from local necrosis compLcating gingivitis to septicaemia, may 
need to be controlled more often than might bo suggested by their relatively 
infrequent isolation 

The question noM to be discussed is whether a combmation of antibiotics 
13 more efficacious in reducing the potentially pathogemc bowel flora than 
1 antibiotic alone Experimental work on dogs in which pentomtis was 
mduced by injecting some bowel contents into the peritoneal cavity, 
after excision of a section of the colon, and subsequent anastomosis of the 
bowel showed that pre operative treatment with each of these antibiotics 
smgly resulted m the survival of all of the animals only in the case of oxy 
tetracyclme, but penicillin, when given together with polymyxin or chloram 
phenicol, was also capable of preventing death (Edraiston, Davies, Ledwich, 
Marchi, Shafer, and McCorkle, 1951) In man, a combination of streptomycin, 
m doses of 330 mg 4 hourly given by mouth intb alummium pectinate, and 
bacitracm, in doses of 50000 to 75,000 Units also given by mouth 4 hourly, 
reduced the number of coliforms, Sir faecalts, and spore formers (Fmegold, 
1951) Neomycin and polymyxin B reduced the number of cohforms, entero 
COCCI, and anaerobes but did not affect jeasts, staphylococci, or chrome 
bacteria (Jawetz and Bierman, 1952) Neomycin together with bacitracin 
reduced the numbers of all the organisms m the intestine except some yeasts 
and bactcroides (Fog 1954) Durmg 1953-4 ora] admimstration of neomycm 
came into favour in the clinic and was used m combmation with various anti 
biotics such as erythromycin, carbomycin, and oxytetracycline With all 
these combmations the number of Gram negative and Gram positive bacteria, 
aerobes and anaerobes were reduced, but yeasts still persisted, and entero 
COCCI flourished when neomycm was used with oxytetracycline (Prigot, 
Shidlovskj , Turell, and Marmell 1955 a and 6) In spite of these unfavourable 
bsctei'MJc^ccsl Setdatgs, aaeatb{tstssltcici^ept<eistionof ikoresuitsoF snoih&r 
combination of neomycm mth a tetracychne was made by ALlberg, Kamens, 
Ripstem, and Banoivitch (1954-5) It was found that rectal swabs could not 
be sterilized with chlortetracycline or neomycm alone, but in 30 out of 60 
patients treated with a combination of these 2 antibiotics admmistered in 
doses of 0 5 G and 0 25 G respectively every 6 hours for 2 days, sterihzation 
was achieved There were no post operative complications in these patients 
and the average number of days dnniig which fever persisted amounted to 
1 46 compared wuth 2 37 and 7 95 when each of the antibiotics was used alone 
These satisfactory results were confirmed a year later (Jtlberg, Kamens, 
I^eucowicz, and Jampol, 1955-6) when the effects of different doses were 
compared Neomycm (0 5 G ) togetherwith oxytetracycline (0 25 G ) 6 hourly 
by mouth for 2 days sterilized the faeces in two thirds of 90 patients treated 
in this way A faecal fistula and 2 wound infections corapbeated the con 
valescence in 3 patients, but c\ en so these compbcations w ere not sufficiently 
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serious to raise the average number of i)ost operative febnle days above 1 05 
Further confirmation of the good insults from this combmation of drugs vas 
given by Cohn and Longacre (1956) and Cohn (1957), who considered neo 
mycm together Avith tetracycline to bo the most satisfactory combination of 
drugs for preparmg the colon for surgery that tliey had tried Cohforms, 
Clostridia, and bacteroides all disappeared as a result of this treatment and 
streptococci, enterococci, and staphylococci were not found in the colon in the 
majority of patients Poth (1957) questioned the advisabihty of employing 
a tetracyclme on the grounds that its ready absorption did not coi^ne its 
action to the gastro mtestinal canal and of its habihty to irritate the intestmal 
mucosa He, like Fog (1954), found a combination of neomycin with haci 
tracm most suitable, or, faihng bacitracin, Solulhtazole emphasizing that 
their administration should cease during the stage of post operative paralytic 
ileus On opemng the pentoneal cavity, therefore, he placed 200 ml of a 
0 5 per cent solution neomycin contaimng 600 Umts of bacitracm per ml , or 
injected up to ahtre of this solution through the abdominal vail half an hour 
before operation He claimed that, after this time, no aiable bacteria could 
be cultivated from the pentoneal contents Poth’s recommendations may 
be admirable, but m following them one most take care not to overstep the 
limit of dosage of neomycin which he sets Cases of apnoea have followed 
intrapentoneal instillation of neomycin, some of winch have not survived 
Needless to say the proper action of antibiotics is only achieved by maintain* 
mg a gastro mtestinal canal as free as possible of detritus This is usually 
best obtamed by preceding their administration by sahne laxatives or castor 
oil and providmg, during it, a low residue diet 

Diarrhoea and vomiting In infants and children 
There is no doubt that many of these conditions are caused by salmonellae 
or shigellae bat smee in some locahties facihties are not available for dis 
tmguishmg one aetiological organism from another, or treatment may appear 
necessary before the bacteriological diagnosis is mode, it is of interest to 
observe which antibiotic produces the best results A heterogeneous collection 
of patients was described by Aguilar and Olarte (1950) Three hundred and 
sixty one children were treated in Mexico, the predommnnt organisms 
isolated eventually hemg shigellae, salmonellae, proteus, or cohforms The 
children were treated with suipbadiazme, streptomycin, chlortetracj chne, 
or Since were came'i cui, ri rs of 

to note that each of these bacteria was susceptible to chloramphenicol more 
often than to any of the other agents used, and that the best climcal results 
were obtamed with this antibiotic In the less hot chmate of northern Italy, 
Colombo (1951) studied the mortality in children sufFermg from gastro 
enteritis treated with the sulphonanudes, pemcillm, streptomycin, and 
chloramphemcol by mouth The lowest mortahty prior to the introduction 
of chloramphemcol had followed the admimstraiion of pemciUin, hut of the 
4 cases treated with chloramphenicol none had died In a temperate climate 
— ^England — a similar mvestigation was caixied out under the supervision of 
the Antibiotics Trials Committee of the Medical Research Council (1953) 

In this tnal all salmonella and shigella infections were excluded, which con 
Biderably influenced the figures far chloramphemcol In these patients, 
treated m 10 different hospitals, there was no great difference between the 
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results obtained m any of the groops treated with the different antibiotics 
A\ ith respect to the number of deaths, the average duration of the diarrhoea, 
or the time taken for clinical recovery to occur However, the group treated 
with sulpbadiazinc did better than any other In Pans, Mane, Salet, Le 
Minor, fierkman, and Payet (1955) had preferred to use chloramphenicol for 
the gastro ententis of infancy until 6 montlis before makmg their report At 
this time thej changed over to neomycin for all children ivith stools contain 
ing B coll, strain 0111 Their results were much improved and had the support 
of the bacteriological findings of Barr (1956), wbo isolated from active 
cases of infantile diarrhoea Pa aeruginosa, Proteus vulgaris, and 2 strains of 
E coll — all of u hich u ere more readily inhibited by neomycm than by any of 
the tetracj chnes or chloramphenicol (They were very much more susceptible 
to a combination of neomycm and polymyxm but there were no trials to 
mdicate how satisfactory this mixture would be in the chmc ) Since neomycm 
13 poorly absorbed, the dose of 60 mg per kg of body weight which was used 
m this trial produced no evidence of toxicity m the babies As the aetiology 
of diarrhoea and vomiting m inTants and children seems to vary with the 
locality, it would seem necessary that the choice of an antibiotic should vary 
also Nevertheless, amcc neomycm is a bactericidal drug it would seem 
legitimate to begin treatment with neomycm by mouth This may be given 
m divided doses amounting to 50 mg per kg per 24 hours, until the result of 
bacteriological examination of the stools has been obtamed This drug may 
be continued if indicated, or another then substituted It must not be for 
gotten that framy cetm in French and Belgian bands has already proved of 
value m the treatment of gastro ententis due to patbogemc strains of E coU 

Acute enterocolitis 

Patients dying of this complaint have been found to have a massive amount 
of flmd in their gastro intestinal canals, often purulent and contammg patches 
of sloughed mucosa Many Gram positive cocci are seen m the exudate but 
cultures, though contaimng Staph aureus, seldom reveal a pure growth of 
this orgamam Although thia severe complication may arise irrespective of 
the type of pre operative antibiotic therapy, the staphylococci isolated were 
found to be resistant to that being used as a pre operative measure in each of 
the 16 cases reported by Lepley and Smith (1957) This condition is often 
attributed to the use of the tctracyclmes but in such cases should be diEferen 
tiated from acute staphylococcal food poisomng It may arise as a comphea 
tion after operation on the alimentary canal Some cases have been known 
to follow parenteral admmistration of pemcillm and streptomycin and even 
of neomycm, but it is questionable whether the enteritis is then not as much 
the result of the operation as of the antibiotic therapy In any event, the 
onset 13 so acute that the patient rapidly becomes shocked and dehydrated 
and remedial measures are required immediately and discontmuance of 
admmistration of the antibiotic m use At the time of reporting, erythro 
myem has been found to be useful m this condition, for example m the cases 
reported from Copenhagen by Thaysen and Enksen (1955-6), but there are 
also reports of cases in which erythromycin ivas of no avail Novobiocin as 
well as erythromycin was used 1^ Tnmbull (1957), either antibiotic being 
injected at first intravenously for rapid effect Because they must be given 
intravenously, vancomycin and nstocetm appear to have an ideal field here 
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for their action Vancomycin gave pronusmg results in a few trials (Geraci 
el al , 1957), as also did staphylomycm (De Somer and Van de Voorde, 1957) 
However, it is as ^^ell to bear m mmd that the newer antibiotics such as 
spiramycin, novobiocin, or thiostrepton may soon enter the field as rehable 
anti staphylococcal agents Needless to say, when staphylococcal enteritis 
arises dormg the admmistration of an antibiotic this should be ivithdrawn 
immediately 


Peritonitis 

Experimental and ehmcal results have shonm that one of the tetracychnes 
or pemcdlm, together inth streptomycin, is usually effective m the treat- 
ment of acute diffuse peritomtis If peritonitis is suspected, the tetracj chnes 
can by given by mouth, but when the patient is shocked intravenous admim- 
stration is advisable (Pulaski, Noyes, Evans, and Brame, 1954, Seabury, 
1955) When the aetiological orgamsm is known, a change can be made to 
that antibiotic most smtable for therapy, bearmg m mmd that anythmg 
which tends to irritate the gastro intestmal mucosa should be avoided if 
possible 

Infections of the gall-bladder and biliary passages 
Two hundred and forty seven cultures were made by Twiss, Carter, and 
Fishman (1051) from the duodenal bile, gall bladder, common duct, or cj'stic 
duct m patients with chronic cholecystitis who came to operation The 
bacteria found were of the same type as those found in similar situations 
when there was no evidence of infection In order of prevalence thc> were 
E coh, sterile cultures, non haemolytic streptococci, Salm /ypAi, « haemo- 
lytic streptococci, Cl perfnngens, Proleus tmlgans, Staph aureus, Slaph 
al6iM, Alkahgtnes /accttfw, and umdentified Gram negative tods There was 
a considerable preponderance of the first 3 types Such flora appear ideal for 
the administration of the tetracyclines Moreover, tests of the excretion of 
tetracychne into the gall bladder bile by Zaslow and his colleagues (Zaslow, 
1953, Zaslow, Cohn, and Ball, 1955, Cohn, Zaslow, Dickens, and Tuiiien, 
1956 , Cohn and Zaslow, 1955~C) showed that, when the drugs were given by 
mouth in doses of 0 25 to 0 5 G 6 hourly, high concentrations w ere found in 
thft bile ('.about 25 pec ml I irrespective of whether the hladdec was 
diseased or not If, however, the rystic duct was obstructed or there was 
derangement of the liver function, concentrations of the antibiotic were low 
or undetectable Intravenous administration of oxytetracyclme produced 
high levels in the bile 2 hours after administration, but no antibiotic was left in 
the gall bladder after 13 hours There seems to be little advantage, therefore, 
m intravenous oier oral administration except in cases with mfractahle 
vomitmg 

In gall bladder disease, therefore, at present one of the tetracjclmes is 
indicated, the dose being 0 25 G 6 hourly by mouth if the patient can take 
it this waj Even when obstruction exists and operation is contemplated, 
the administration of tetracychne is still indicated, for if the obstruction can 
be removed at operation the drug already in the blood stream can then be 
readily excreted into the bile 
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llepatilts 

Experimental ork has been in favour of the tetracyclines in liv er disease 
Rats Trere fed a diet low in protein and high in fat so as to produce liver 
necrosis, and various antibiotics as well as sulphadiazme were administered 
(Gyorgy, Stokes, Goldblatt, and Popper, 1951) The gam m weight of the 
rats over 4 iieeks and their survival time were measured It was found that 
the effect of chlortetracychne was equal to or greater than that of other anti 
biotics m inducing a gam m weight, and the animals survived for a longer 
period when given tins drug Oxytetracychne, although not as active as 
chlortetracj dine, kept the animals alive for longer than the other antibiotics 
— streptomjcm pemcilhn, chloramphemcol, or polymjTcm On death, mas 
sive necrosis of the hver was observed m all the animals, but to a lesser degree 
m those treated with the 2 tetracyclmes When these findings were apphed 
climcally (Ducci and Katz, 1952) acute and fulmmant hepatitis was found to 
resiiond dramatically to t)ie administration of chlortetracychne or oxytetra 
cycline, given together woth cortisone, in 2 of 3 patients The 3rd, who died 
within an hour of admission, was too near death before treatment was 
started When, on the other haml the disease was chrome or subacute, 
little or no effect was produced by the tetracychnes Three cases of this sort 
were treated by Ducci and Katz (1952) without benefit Nor did Falcon, 
Downs, Duggan and Prior (1957) find any sigmficant changes mliver function 
after tetracycline m 3 patients with evidence of hver disease It is possible 
that bacteria which are not susceptible to the tetracyclmes appear readily 
and multiply in the gut, so counteracting the original effect of the antibiotic 
In treating patients with chlortetracychne Ruebner (1957) found that whether 
or not patients had cirrhosis of the hver antibiotic resistant strains of faecal 
Bora appeared m the faeces within 3 to 8 days of beginning treatment The 
only germs consistently repressed were bacteroides On the other hand, 
Fisher and Faloon (1957) and Daivson et at (1957) found persistent adromi 
stration of neomycin could produce pronounced chnical benefit m patients 
with chrome disease So long as the antibiotic was being taken, i e over 
periods of up to 70 months, blood ammoma levels were reduced to normal 
m the majority of patients This antibiotic is therefore recommended m 
doses of 4 to 12 G daily by mouth 


Liver abscess 

Peniciilm and streptomycin were instrumental in the recovery of a patient 
suffering from hver abscess due to an anaerobic Sir virtdana, the condition 
had originated from a ruptured gangrenous appendix Rupture of the appen 
dix had been followed by purulent pentonitis which became locahzed as 
abscesses m various parts of the abdomen and pelvis and eventually , in the 
hver As each abscess w as located, drainage was mstituted, and although the 
illness, with intermissions, lasted over 6 months, the patient eventually 
recovered (Fuss and Fuhrman, 1950) Other cases of solitary pyogenic 
abscesses of the liver recovered when the abscesses were aspirated repeatedly 
and the antibiotics were instilled into the cavities (McFadzean, Chang, and 
Wong, 1953) 
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Infections of the Central Nervous System 

Meningitis 

In treatmg meningitis it is obviously preferable to mimmizo the number 
of mtrathecal injections so as to limi t trauma, and for t!iis purpose cbloram 
phemcol is particularly useful for it penetrates tlie blood brain Lamer after 
oral or mtra venous administration m concentrations winch aro comparable 
with those m the scrum It has also been found relatively recent!) that 
penicillin, when administered in doses of 1 million Units intramuscularly 
every 2 hours to patients with mfiamed meninges, w ill penetrate the memnges 
m sufBcient amounts to control an organism as susceptible as the pneumo 
coccus (Dow Img, Sweet, Robinson, Zellers, and Hirsh, 1949 d) In the case of 
streptomj cm, chlor and OTjtctra<^cline, erythromjcin and novobiocin, 
therapeutic concentrations cannot be found so rebablj m the cerebrospmal 
Quid after oral or intramuscular administration It is advisable therefore to 
begin with a high mtravenous dose Before the causal organism is known an 
intravenous mjection of tetracycline wlucli penetrates the intrathecal space 
more readily than its analogues — ^75 mg per kg body weight per day — gives 
promise of controlhng the pathogens most commonly found m purulent 
memngitis (Koch and Hansen, 1957) Some workers still prefer to use pcni 
cilhn, sulphadiazine, streptomy cm, and chloramphemcol ^Vlth combumtions 
of some or all of these antibiotics a aenes of 150 children were treated at the 
Medical College of Virgima between January 1953 and 1950 There was a 
mortshty of 9 7 per cent but less senous consequences, such as hy drocephalus, 
deafness, and paralysis of the €tb cranial nerve, were seen in 18 children 
(French, 1037) A still lower mortahty — 8 per cent — was aehievetl with 
sumlar chemotherapy by Smith and Herring (1953) Once a bacterium has 
been isolated from the cerebrospmal fluid, one has the choice of contmumg 
with tetracyclme— by mouth after 72 hours— if the patient is doing well or 
changing to another antibiotic The folloivmg hst gives the types of alter- 
native treatment which should be suitable for the different kmds of infection 
until the susceptibility of the causative organism is knoim From this 
moment treatment m patients who are not progressmg favourably is governed 
by the result of the laboratory tests In meningitis, where irremediable 
damage may be caused m so short a space of time, early diagnosis is impor 
tant and therapy should be given as quickly as possible after diagnosis is 
made When the condition is fulmmatm^ cortisone m doses of i>0 to IDO 
mg daily may be given or adrenal cortical extract m doses of 20 to 40 ml 
mtravenously at once, followed by 10 ml hourly for 6 hours and then at 
mcreasmg mtervals (Banks, 1953, and Bartolozzi and Borcheresi, 1954) 
Treatment should be limited to the shortest tune possible commensurate 
with signs of improvement The addition of sulphonamide to penicillin m 
pneumococcal meningitis has been frequently used m the past but there is 
little evidence that so sensitive an organism as the pneumococcus requires 
adjuvant treatment m addition to pemciUm Because pneumococcal infec 
tion tends to mduce the formation of fibrm, m which the pneumococci 
become enmeshed and hence to form obstructions to the free flow of cerebro 
spinal fluid, the complications of this form of meningitis are particularly 
severe Involvement of the cranial nraves, particularly those with long 
courses along the base of the bram, is another common phenomenon resulting 
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from the formation of fibrin, and this may lead to parcsia, paralysis, blindness, 
or loss of hearing No antibiotic tv ill overcome the effects of the fibrm deposit, 
tvhich demands either a suitable lysing agent or treatment by ventricular or 
subdural taps when block pretents circulation of the flmd Sometimes local 
instillations of the antibiotic are mdicated when enclosed effusions are found 
to be infected (Knceland, 195! , Smith, H V , 1951 , and Smith, M H D , 
Dormont, and leather, 1951) 


Infccltng 

Antibiotic 



OTganism 

/r«t choice 

Dosagt 

Eoulc 

Menmgococcua 

Penicillin* 

1,000 000 Units 2 hourly 

IM 


or erj^hroiny«n 

600 tag 4-8 hourly 

IV 

H injluentae, 

Chloramphenicol 

lOd-SOOrog per kg of weight daily 

IM, 


or streptomycin 

200 mg per kg of weight daily 

IM 


with sulpliadiaxirvo 


PO 

Pneumococcus 

Aqueous co'staDine 

1,000 000 Units 2 hourly 

IM 


penicillin 



Sir pyogtnti 

PemciUtn 

1 000 000 Units 2 hourly 

IM 


or chlor 

100 mg per kg of weight daJy 

IM 


amphenicol 

or 200 mg per kg daily 

PO 

Sla-ph aureiM 

Aqueous crystalline 




pemcUhn 

As for pneumoeoccus 



or eiythromyem 

500 mg 4-8 hourly 

IV 


or chloramphenicol 

100 mg per kg of weight daily 

PO 

E colt 

Streptomycin 

40 mg per kg of weight daily 

IM 



+ 6 mg daily 

ITh 


with sulphadiazme 

to produce 10-25% in the blood 

PO 


or chloramphenicol 

As for Str pyoprnra 


Pseudomoofts 

PolymjTun 

2 6 mg per kg of weight daily 

IM 



-P25mg d^y 

ITh 


or streptomycin 

40 mg per kg of weight daily 

IM 



•(■6 mg daily 

ITh 


with Eulphadiazme As for E coft 

* Sulphadiazme is suiBcieat for the great majority of cases of meniogococcal zaentn 
gitis 

IV *= intravenously JM = intramuscularly JTh s= rntratbecoUy PO •= by mouth 
(After the recommendations of Alexander 1953 Hoyne, 1954 McCrumb, Hall 
Imburg.Mendeth Helmhold, DefilIo,and Woodward 1951 , Pease and Alexander, 1953, 
and Homansky «t o( 1957 ) 

With the memngococcus the situation is rather different, for the organism 
vanes enough m its susceptibihty to be on one occasion more sensitive to a 
sulphonamide and on another toan antibiotic There is, therefore, good reason 
to use both drugs together before the bactenological diagnosis and suscep 
tibihty to pemciUm are known It is still a question vvhether intrathecal 
injection should be practised vnth pemcilhn and streptomycin as mueli as it 
has been in the past Unquestionably there have been serious and disastrous 
accidents as a consequence of this procedure and it would seem wiser to 
reserve its use for neurological units specially tramed m the techmque 
Various complications, such as haemorrhage In the subdural space, or collec 
tions of fluid here or elsewhere, also require a specialist s techmque IVhen 
such collections appear infected and are walled off from the circulation, local 
instillations mto them are recommended 

In meningitis due to Haemophilus tnfluemae chlortetracychne has been 
successful as well as chloramphenicol {Drake, Bradley, Imburg, McCnimb, 
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and Woodtvard, 1950 , Lepper, Wehrle, and Blatt, 1952) The dose given was 
50 mg per kg body weight per 24 hours and was administered intravenously, 

Erythromjem, chlortetraeyclme, and oxytetracycline have been found 
useful m menmgococcal and pneumococcal meningitis and m menmgitis due 
to H influenzae E coh has also responded to the tetracyclmes These drugs 
are to be regarded as second choices, however, because of the uncertainty of 
their penetration mto the intrathecal space 

There is also some hope of recovery m the less common forms of meiungitis 
Infections due to uitestmal organisms, commonly cohform bacteria, most 
frequently met with m newly bom babies, have been treated ^vith some suc- 
cess by Debre, hlozziconacci, and Berkroan (1954) These authors injected 
streptomycm at the first lumbar puncture if the cerebrospinal flmd looked 
turbid and then gave chloramphemcol by mouth With this treatment 12 out 
of 24 babies survived 

When the responsible organism uas/K/e6s pneumoniae [Bad fnedliinden)^ 
streptomycm mtramuscularly and intrathecally was successful in 1 case 
after ineffectual attempts to treat the patient with pemcilhn and chlortetra 
cyclme had been abandoned (Thompson, Wilhama, Williams, and Anderson, 
1952) However, I case with this infection recovered after the admini- 
stration of sulphadunidine alone m doses of 2 G 4 to C hourly (Montuschi, 
1954) 

LiaUrta meningths Listeria have been found occasionally in cases of 
menmgitis There is bacteriological evidence (Williams and Homung, 1054) 
that one organism isolated from an infection of the central nervous system 
ivas sensitive to oxytetracyclme and less so to streptomycin and chlortetra 
cyclme, another was sensitive to pemciUta, bacitracm, erythromycin, chlor- 
amphenicol, and the tetracy clmes Of 8 etrams isolated &om different cases 
of memngitis at the Communicable Disease Unit of Los Angeles County 
Hospital, and tested for sensitmly to 7 antibiotics, 6 (not necessarily the 
same) w ere sensitive tn tnlro to penicillin, to streptomycm, and to chJor and 
oxytetracyclme, and similar proportions of a smaller number to tetracycline 
and erythromycin (Dednck, 1957) Chloramphenicol, hoiiever, inhibited 3 
only out of the 8 strains All the 4 patients who recovered were treated with 
penicillm and, m addition, streptomycm or chloramphenicol ivith one of tlie 
tetracy clmes or a sulphonamide 

Leptospiral meningitis There is no evidence that antibiotics have any effect 
on meningitis due to leptospira (Broom, 1953) 

Brain abscess 

Antibiotics have undoubtedly mfluenced the prognosis m bram abscess, 
but although these drugs sterilize the abscess cavity when appropriate 
measures are used, extirpation of the abscess walls is necessary for cure 
Since the introduction of penicillm and other antibiotics a recovery rate of 
50 to CO per cent has been reported (Davis 1951) Ballantme and Wute 
(1953) describe the mortahty at Massachusetts General Hospital, Boston, 
during 2 succeeding 6 year periods as 25 out of 31 cases between 1930 and 
1040 and 10 out of 29 cases between 194Gand 1950 when the use of antibiotics 
had been established Noneof the deaths m the later period could be ascribed 
to the spread of the infection Moreover, none of the abscesses had its origin 
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in infection of the lung or pleural space indicating that treatment of the 
primary condition m these cases had been adequate Whether the abscess is 
treated bj repeated aspiration and instilJation of a suitable antibiotic until 
such tune as it can be removed wth Uttlc risk, or opened and dramed, 
depends for success on the aecessibihtyof the lesion and the skill of theattend 
ing surgeon With suitable antibiotics the former treatment is preferable, for 
httle of the antibiotic penetrates the brain tissue and the nell tried method 
of aspiration and instillation is the most suitable m ay of keepmg the drug m 
contact mth the infected abscess Malls When the condition of the patient 
permitted it, BaUantme and White (1053) were prepared to wait 24 to 48 
hours m order to identify the infecting organism and determme its suscep 
tibihty before injecting any antibiotic It is of interest to note that although 
pemcUhn and streptomycin are most frequently used, 2 other drugs which 
are employed systemically onlj with circumspection, namely bacitracin and 
neomycm, cause httle or no toxic effects when instilled mto a brain abscess 
Doses of up to 10,000 Umts of bacitracin, 5,000 Umts of neomycm, 20 000 
Umts of pemeillm, or 6 mg of streptomycin, have been injected mto the 
abscess cavity and into the intrathecal space without causing damage If 
polymyxin is indicated, 0 5 rag can be introduced into the abscess cavity and 
not more than 1 G mtrathecally (Leca and Cabieses, 1055) With these 
bactcnal drugs, all of Khich, except polymyxin, are readily soluble in water, 
moat mfections can be dealt with \^ere the suitable antibiotic is not toxio 
m therapeutic concentrations, sj'stemic adroimstration is advisable to prevent 
metastatic spread 

Subdural empr/ema 

It 13 regrettable to find that of 4 patients with subdural empyema secondary 
to frontal sinusitis, 3 died although the primary condition had been treated 
with antibiotics (Biehl, 1955) Bacteriological exammations were carried out 
on the pus from each of these cases and from these tests there Mas presump 
tive evidence that the antibiotics used should have been suitable In one 
case only a few Gram positive cocci were isolated, in another Staph aureus 
and non haemolytic streptococci, in the third /5 haemolytic streptococci and 
coliforms, and m the fourth Haemophilus infiuenzae The antibiotics given to 
the 3 patients Mho died were penicUlm and/or streptomycm Data about the 
susceptibility of these orgamsms to the antibiotics were not available It is 
quite possible that the Slaph aureus was a pemciffmase producer, and that 
streptomycm ceased to have any effect on the infections owing to their 
havmg become resistant during the preliminary therapy In the 1 case which 
did recover, a battery of antibiotics was given peniciUm m doses of 600,000 
Dmts 4 hourly, 1 G of streptomycin 12 hourly, and tetracychne and erythro 
myem by intravenous injection post operatively Had sensitivity tests been 
earned out from the time first diagnosis of frontal amusitia was made, the 
correct antibiotic for each infection might have been administered 

Urinary Tract Infections 

Most antibiotics are concentrated m the unne and the response of acute 
infections to treatment should on this account be prompt That verj small 
doses of the commonly known antibiotics were enough to clear the urine of 
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sensitive bacteria was shown by Gould, Bowie, and Cameron (1053) Unfortu 
nately many infections follow some obstruction m the unnarj tract As soon 
as one infection has been cleared up, another appears m its place unless it is 
possible to ensure an unimpeded flow of urine Another point to consider in 
deahng with unnary tract infections is the acidity or alkalimty of the medium 
m which the antibiotic has to act and the optimum pH for each antibiotic 
PenicjUin and chlortetracycline, for instance, are most efficient m an acid 
medium Novobiocm also is an acid Chloramphemcol and the other tetra 
cyclmes and vancomycm are amphoteric, their antibacterial activity bemg 
httle affected by the pH, while streptomycin, neomycm, and erythromjem 
act best m an alkalme medium Host organisms, when present in sufficient 
numbers, grow well in normally acid urme, although urine does exert a cer 
tarn non specific inhibitory effect on some organisms (Gerstung, 1951) B 
proteus^ by ephttmg urea, makes the urine alkalme, and it is probably for this 
reason that streptomyem is effectue without preliminary alkalmization of 
the urme against some proteus infections m this situation If the urme is not 
already alkalme, measures to make it so are needed when streptomjem, 
neomycin, or erythromyem is indicated The constantly changmg flora m the 
urine make it almost impossible to predict which should be the most effective 
antibiotic to use even when the invadmg bacterium is knoirn In a recent 
paper Lmd and Swanton (1956) stated that between 1951 and 1955 an 
examination of 2,000 micro organisms showed that the percentage of common 
organisms mvadmg the urinary tract which were susceptible to the tetra 
cyclmes and chlotmaphemcol had fallen each year Whereas over CO pet cent 
of Staph aureus isolated m 1951 were susceptible to pemcillm, in 1955 less 
than SO per cent were inhibited by this antibiotic That permanent elimina 
tion of bacteria is rarely achieved, however, was noted by Lazarus and Wood 
(1952), who found that in all patients followed up for G months the onginal 
offendmg otganisms reappeared within that time even when no cluucal 
recurrence had taken place None the less, 6 months after treatment with the 
commonly used antibiotics and Oaninsin these authors found that 559 of 
their 805 patients were climcsUy cured They no longer showed cellular 
elements m the urme and had repeatedly negative cultures The fall m the 
percentage of organisms susceptible to antibiotics has not, however, been, 
uniform For example, by the end of 1955, E cob, the commonest bacterium 
associated with unnary tract infections, was still responsive m 60 per cent of 
cases Ibe response of enterococci was vanafii’e, between 2G antf per cent 
of these bemg inhibited by the tetracyclmes or chloramphenicol The percen 
tage of Staple aureus susceptible to pemcillm had reached its lowest level in 
1954 when httle more than 10 per cent could be controlled and it ceased to 
be the antibiotic of choice m treatment Less than 40 per cent of proteus 
species were inhibited by chlOTampbemcoI , between 40 and 60 per cent of 
A aerogenes were sensitive to the tetracyclines or chloramphemcol, most 
species bemg inhibited by the latter, and few if any species of Ps aeruginosa 
were controlled by any of these antibiotics (Lmd and Swanton, 1956) The 
position about this time was clarified by a carefully written article by Kass 
(1955) In Fig 14 can be seen the relationship between the common urinarv 
pathogens and their susceptibility to therapeutic concentrations of different 
antibiotics in the blood 

In another mvestigation covering over a thousand episodes of unnary infec 
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tion in St Bartholomew’s Hospital, London, between late 1952 and 1953, 
Garrod, Shooter, and Cunven (1954) found that Proteus morgani, paracolon 
bacilli, and Ps pyocyanea w ere generallyrcsistatit to the antibiotics pemciUm, 
streptomycin, the tetracyclines, and chloramphemcol However, this resis 
tanco had not become so prevalent as in the Umted States Although the 
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majority of staphylococci were resistant to penicillin, they were generally 
still found to be inhibited by the tetracyclines and chloramphemcol, and no 
more than 17 per cent of enterococci were reactant to pemcilhn How much 
further this mcrease in resistance has gone during the past 4 years remains 
questionable Garrod e< aZ (1954) also attempted to relate the sensitivity of 
orgamsms tn ttfro to the chmcal result When tests revealed that the causa- 
tive bacterium was sensitive to the antibiotic used, the proportion cured 
reached 90 per cent in infections due to Sir faecahs, 82 per cent m those due 
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to staphylococci, 77 per cent m. coliform infections, but only 60 per cent in 
those due to Proteus vulgarts From a follow up study of patients treated 
successfully m hospital, these workers came to the conclusion that the greatest 
hindrance to successful treatment of an acute infection of the urinary tract 
with the appropriate antibiotic was either some ahnormahty or history of 
previous infection in the urinary tract Where cohform bacilli were concerned 
Kirby, Corpron, and Tanner (1956) found that catheterization or instrumen 
tation of the urmary tract were associated with antibiotic resistant strains 
These patients would correspond to those with some ahnormahty in the 
urinary tract desenbed by Garrod el oZ (1954) Cohforms which uere sensi 
tive were mainly isolated from patients who had acute symptoms on admis 
sion, a findin g confirmed by Dutton and Ralston (1957) Polymyxm B held 
out most hope of retaimng its activity against these bacteria, according to 
Kirby et al (1956) 

Vanous workers have used combinations of drugs in the treatment of 
urmary infections Spicer m 1950 demonstrated the favourable effect of 
using bacitracm together with polymyim Unfortunately both antibiotics 
have a nephrotoxic action and they should be a last rather than a first choice 
Kaipamen (1952) showed experimentally that streptomyem inth chloram 
phemcol or tetracycline could control E colt with httle sign of resistance to 
the antibiotics developmg in repeated subcultures This was later confirmed 
by Stem and Elek (1955) m about half the strains of E coU which they tested 
Without streptomyem only a minonty of the organisms were actually killed 
by combmations of tetracycline and cbloraropbemcol although tbeu* growth 
was suppressed Clapper, Sun and Meade (1957) observed that the addition 
of nitrofurantom to a medium gave evidence of synergism between this agent 
and chloramphemcol or one of the tetracyclines against organisms isolated 
from infections of the urmary tract No combination, however, was active 
against more than a few strains of pseudomonas species In the clinical 
field, Pomerantz (1952) administered streptomycin together with chlortetra 
cycline m a patient with a unnary tract infection due to Ps aertigtnosa and 
found that recovery was prompt. Other treatments, mcludmg polymyxm B, 
had previously failed A more extensive trial was made by Rhoads Billings, 
and 0 Conor (1952) of a combmation of an antibiotic ivith a sulphonamide, 
of mixtures of tetracychnes with chloramphemcol, and of streptomyem with 
pemcilhn sometimes with favourable results Although shghtly over 60 per 
cent of the 325 cases m this senes were rendered free of bactena durmg 
treatment, m a follow up penod of several months only 8 to 15 per cent 
remamed cured (These were the patients without obstruction ) Other 
pronusmg results from a combination of tetracychnes wth chloramphemcol 
were desenbed by Eisenberg, Alexander, and Fhppirv (1953) 

Mention should be made here of neomycm, which is active against many 
Gram negative rods found m the unne (Waisbren and Spmk, 1950 a and i) as 
well as against the staphylococcus Tlua drug is bactencidal and does not 
readily mduce resistance m the organisms exposed to it A case of pjelo 
ureterocystitis cystica due to A aerogencs was desenbed by Cox, Soanes, and 
Lowry (1055) m which, after many trials with other drugs, the patient ex- 
perienced almost immediate rehef when neomycm and the 2 streptomycins 
were administered together Cultures of the unne became sterile within 48 
hours and although from time to time symptoms and the aerobacter returned. 
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asingIodoseof0 25G of neoray cm ivas sufficient to rebere the patient and to 
nd the urine of the invading orgamsms Of the newer antibiotics bttle can 
be said at the present moment Chiucal trials of these drugs in urmary tract 
infections have sbon-n cycloserine in conjunction with another antibiotic to 
bo useful (Herrold, Boand, and Kamp, 1955), and novobiocin in certam 
proteus and staphjlococcal mfections or those due to Str faecalts (Trafton 
and Lmd 1957 a) 

Infections of the lower urinary tract 
Prostatitis, in contradistmcfion to pyelonephritis, has been notoriously 
difficult to treat successfully even for a temporary period It is of interest, 
therefore, to note how far the various antibiotics penetrate the tissues of the or 
gans of the lou er urinary tract as indicated by their presence in the secretions 
Boraki, Pulaski, Kimbrough and Fusillo (1954) found little or no antibiotic 
in the prostatic tissue, fluid, or semen after the mtravenous admmistration 
of pemcillin, bacitracin, streptomycin, or chloramphenicol in amounts 
sufficient to produce therapeutic concentrations m tJie blood A trace only 
was found in prostatic tissue after the administration of chlortetracyclme, 
but a higher concentration was detected after the admmistration of oxytetra 
cjclme and tetracycbne Erythromjcm was also consistently found m the 
prostatic tissue and semen when the average blood level was 1 pg per ml 
When the infection m this region is susceptible to these drugs, therefore, the 
last 3 antibiotics are preferable to others This is probably the reason why 
various workers have found oxy tetracycbne the most useful of antibiotics 
for infections of the low er urinary tract, for example non specific urethritis 
(Ambrose and Taylor, 1953 Dojle, GiU, and Laird, 1057 Harkness 1053, 
Pamno, 1954, and Willcox, 1957 a) A chmeal trial of erj'thromycm was 
made by Borski el al (1954) All signs and symptoms disappeared m 9 of the 
11 acute cases of prostatitis and urethritis or epididymitis, and considerable 
improvement was noted m 20 of the 34 cases with chrome infection In view 
of the bacteriological results however, where, except for a case with Staph 
aureus infection, a considerable number of different organisms appeared 
durmg treatment, it is doubtful whether the therapeutic effect of erythro 
mycm in lower urmary tract mfections will be permanent 

In gemto urinary wards, where the opportumties for cross infection are 
supreme, no routine therapy is therefore advised If, on investigation, the 
prevailmg bactena m a ward are all found to be resistant to the common 
antibiotics, it would be wise to discontinue the use of all antibiotics for a 
certam period, for example 6 months, during which time every precaution 
should be taken to eliminate the spread of infection from one case to another 
It 13 during this time that the no touch technique recommended by the 
Jledical Research Council hlemorandum (1951) should be introduced It is 
not impossible even to pass a catheter without brmgmg it into contact with 
the bands With care and skill it can be mtroduced by means of sterile for 
ceps Where it seems impossible to avoid contact of instruments or open 
lesions with the hands, dry sterilized gIov« or mittens should be worn and 
changed With each dressing Suchprecautions enabled Pyrah, Goldie, Parsons, 
and Raper (1955) to control an outbreak of Pa pyocyanea infection, which at 
one time involved every patient in a irard of 17, and to reduce the incidence of 
this mfection to a single case m over 4 months Once infection withm the 
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ward has ceased to spread, antibiotics can again be introduced vith caution 
but only when suitable laboratory teste have indicated their use IITicn there 
IS a choice, bactericidal antibiotics should be used in preference to those that 
are only bacteriostatic at therapeuticallj possible concentrations (for example, 
the tetracyclines) Aroutxne pre operative preparation should on no account be 
adopted The continuous use of one antibiotic or combination of antibiotics 
m a umt is the ideal nay to encourage the spread of resistant organisms 
When these invade the patients* tissues the long post operative convales- 
cence is a much greater handicap in the quick turnover of patients than 
the prelimmary day or tno given to mvcstigatmg the bacteriological aspects 
of a case thoroughly 

Infections of Bones, Joints, and Wounds 
Acute haematogenous osteomyelitis 
The great majority of these infections are still due to the staph jlococcus 
but in many cases the organism is a pemciHinasc producer In one of the 
more recent senes described (Allemeicr and Largen, 1952), when the pre 
valence of pemciUin resistant staphylococci nns near its maximum, pem- 
ciUin nas administered to all of 110 patients, and only 9 of these nere 
found later to be infected uith strains resistant to the drug In these cases 
one of the tetrac} cluies or chloramphenicol u as then used As most of the 
patients were chddtea Altemeier and Largen admimstetcd 50,000 Units of 
crystalline penicillin 3 hourly This is advisable for the first 24 hours , alter 
this tune, if progress has been made, a long acting preparation can bo 
used 

In acute infections, organisms other than the staphylococcus maj be 
responsible, for example the haemolytic and non haemolytic streptococci, 
a haemolytic streptococci, pneumococci, other Gram positne cocci, JI tnjlu 
enzae type B, A aerojen&s (Altemeier and Largen, 1052), E colt {Bojes, 
Bremner, and Nebgan, 1957) , or brucella (LoflSer and Morom, 1951) BTien 
seemg the patient m the early stages of the acute infection, however, fbe 
medical attendant will not know what the causal orgamsm is, and jf the 
child’s condition is serious it is legitimate to start with peiuciUm Only if 
the patient shows no response m the first 24 hours and the orgamsm obtained 
Ly TdOTiiyK p/efricVcae » Strand ^sjnnHasccj/tiUe to pemc-iim m nlTD me tbe 
tetracj cbnes or cblorampbenicoi to be used , a dose of 600 mg per kg body 
weight per 24 hours divided into 4 or 6 hourly doses is probably more than 
enough If bttle response is observed after 24 hours the question of surgery 
will have to be considered m order to release the tension of the pus inthin 
the bone or under the penosteom Surgery should be minima] in extent 
and the wound made by mciston over the inflamed area should be closed at 
the end of the operation to prevent anysecondary and insusceptible invaders 
&om gaming access to the inflamed parts Treatment with penicillin should 
be contmued for 3 weeks irrespective of the apparent qmescence of the Ie»ion, 
for hvmg staphylococci have been isolated after this time from some foci 
Usmg pemciUm m this way, or the other antibiotics mentioned above when 
the infection proved insusceptible, Altemeier and Largen (1932) obtained 
excellent results with full healing and return of function m 60 of their 110 
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cases , good results, implying some limitation of movement, were obtained 
in 43, questionable effects m 14 and failures m 3, 2 of v horn died According 
to Bailey (1952) the effect of antibiotics has been to remove the picture of 
chrome osteomyelitis, caremoma m a smus tract, amjloid disease, and even 
the necessity for amputation 

In tlic newly born, where the source of infection is hkely to be in the 
hospital nurserj. Staph aureus atiU predommates but a majority of these 
orgamsms are resistant to pcniciUm (Boyes et al , 1957) In view of this find 
mg these workers made a practice of administering a second antibiotic with 
pemcillm — a tetraej clmc or streptomycin — at the time of their report There 
are, however, now a number of antibiotics which should overcome the 
staphylococcus, one’s choice being governed by the convenience of admim 
stration, the frequency of side-effects mvolved, and the liability of cross 
resistance to any other antibiotic in common use 

Chronic osteitis 

^^^len the infection has become chronic in bone a less dramatic effect is to 
be expected from antibiotics There is moreover much less certamty about 
which are the orgamsms at fault Bacteriological examination is, therefore, a 
necessity prehmmary to giving antibiotics When the bacteria present are 
knowTi, antibiotics can bo chosen according to their powers of inhibitmg the 
orgamsm concerned It is possible that the bacteria isolated from a smus 
mouth represent a superimposed infection rather than the orgamsms respon 
siblefor the primary infection in the bon© It is thereforeadnsable to operate 
when smuscs persist after a period of 10 dayrs to 2 weeks of antibiotic treat 
ment, as sequestra or sloughs are almost certainly responsible for the con 
tinuation of suppuration ^yben the focus is iaid )»re cultures should again 
bo made of any dead tissue removed or swabs taken when no dead tissue la 
found Staphy lococci may then be found w hich did not appear at all or only 
as members of a mixed infection when cultures were made of the smus 
mouths Staphylococci arc not the only orgamsms responsible for persistent 
mfiammation of bone , various other infections may account for the condition 
Cases of syphihs, actinomycosis, or blastomycosis were found in the senes 
treated by Altemeier and Largen (1952) Fortunately pemcillm could deal 
with the first two of these conditions, but amputation was the only method 
of srresiittg the spread of the bhsteaijvesis A]i}icagh 2 pst^eats mik tkM 
condition recovered and 2 improved, a 5th case died from dissemmation of 
the disease despite amputation Venable and Pulaski (1950) considered that 
the folloiving procedures should be earned out before operation m a focus of 
chronic osteitis was attempted 

Eradication of bacteria laden tissue 

Provision of adequate blood supply 

Reinforcement of bone if necessary 

Full thickness skin cover 

These authors also mention the need to compensate for the hy’poproteinaemia 
which accompanies chronic suppurative disease Frequent blood and plasma 
transfusions are advised until the haematoent level shows a sustamed readmg 
of 50 
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Acute purulent arthritis 

Penicillin ATas again found to be an effective agent for the majonly of 70 
cases treated by Altemeier and Largen (1932) Chloramphenicol or one of the 
tetracyclines Tvas used occasionally as indicated Besides treating their 
patients by intramuscular mjection, these workers also instilled 30,000 to 
100,000 Units of penicdlm mto the joint cavity after aspiration, thereby 
providmg a modified form of drainage as well as applying the antibiotic in 
its highest concentration at the site of the lesion Treatment was kept up for 
7 to 14 days Even so, antibiotic therapy Avas not alwaj s successful and 
dramage had to be resorted to on occasion, particularly if the infection Aias 
mixed Needless to say, treatment should be begun at the earliest possible 
moment Irreparable damage has been done to the joints of baliies Avhere 
antibiotic administration was delayed (de Wet, 1954) 

Compound fractures 

Key (1951) descnbed a programme for the treatment of compound frac 
tures This programme mcluded the use of antibiotics It is outlmed here 

At tht stle of the accident Antibiotics are adnumstered only if it is knoini 
that It ATiU be a long time before the patient receives medical attention in 
hospital At least 100,000 Units, and preferably 400,C)00 Umts of procaine 
pemcillm G, are then given A sedative, for example, morphine, to relieie 
pam and shock is administered Tetanus antitoxin in a dose of 3,000 Umts 
ismjected or 1ml of the tetanus tozoid ifthe patient is already immunized 

On admimm to hospital A radiograph is taken only after some supporting 
splmt has been applied Operation is performed as soon as possible A blood 
or plasma transfusion is set up before or during operation After anaesthesia 
the dressmgs are removed, the skin cleansed with antiseptic soap and con 
servative excvsioti of damaged tissue performed A BA\ab for culture is 
taken from the depth of the wound or from a piece of the dead tissue Skin 
edges are excised only when crushed or badly contammated Necrotic 
material and foreign bodies are removed The wound is enlarged and crushed 
muscle, if it does not bleed or retract when cut, is also removed If a jomt 
capsule and synovial membrane are mvolved the tom edges of these are 
excised and the edges of the membrane then gradually brought together 
Tendons and nerves, if torn are excised and repaired, and the bonj ends, if 
grossly contammated, are also exased The fracture is reduced and fixed in 
place by mtemal or external fixation Fmally the wound is irrigated and if 
on inspection it appears good, Avitbout bleeding vessels or any foreign bodies, 
it 13 closed, provided that it has been operated on Anthm 24 hours of the 
accident If closure mvolves much tension this is relieved by lateral incisions, 
and if a flap is SAvung over to cover the wound, this should have a wide base 
and not be under tension If there is mmdi dead space left, drainage for 24 
to 48 hours is advised During all this tune antibiotics are given chlortetra 
cyclme, chloramphemcol or streptomycin and pemcillm, accordmg to the 
flora seen m Gram stained smears The antibiotics are contmued for a week 
to 10 days accordmg to the appearance of the Avound and the patient’s 
temperature chart In spite of antibiotics, when much laceration has occurred 
the surgeon must be contmually on the look out for signs of clostndial infec 
tion If any such signs occur, attentMm should be given to the blood supply 
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to the wounded area and a block of the lumbar sympathetic chain with 
procaine hydrochloride should be performed The stitches should be released 
and the wound searched for signs of dead muscle If this is found it should 
be remo\ed Clostridial infection was described by Prevo (1951) m a child 
of 2^ jears who sustained a compound fracture of the ulna Eighteen hours 
after prophylactic anti gas gangrene and anti tetamc serum had been given, 
and after reduction of the fracture and application of a plaster of Pans sphnt 
had been carried out, the child’s hand was seen to be dark and the fingers 
IV ere immobile On removal of the plaster of Pans, a Ime of demarcation 
could be seen between the deeply discoloured skin around and above the 
laceration, and the normal skin at the junction between the upper and middle 
third of the forearm Crepitation in the subcutaneous tissue, a distmetive 
odour, and radiological signs of gas beneath the deep fascia were also found 
Cl uekhii, non haemolytic streptococci, and colon bacilh were cultured from 
the w ound A guillotme amputation was performed and 100,000 Umts of 
penicillin were injected 3 hourly, together with 0 25 G of streptomycm by 
intramuscular injection and 0 25 G of ehlortetracyclme by mouth 4 times a 
day Analroost immediate improvementwas seen in the child’s general condi 
tion The temperature and pulse became normal within 48 hours of operation 
and remained so, and the wound was fully healed 3 weeks from operation 

Infected wounds 

Infection in clean post operaiitc tiounds 
Attention was drawn to the rising mcidence m post operative wound 
infections at the Massachusetts Memorial Hospital by Howe (1954) He 
traced this yearly from 1949 to 1953, and these were the figures he found 
following clean operations over a period during which there was widespread 
use of antibiotic prophylavis 

Penfnlagt becoming 


Year No of operations tnfected 

1949 1197 109 

1950 1129 1 77 

1951 1209 1 98 

1052 1193 2 51 

1953 1229 3 98 


In the great majority of these wounds Staph aureus resistant to pemeilhn was 
cultured Fig 15 is a representation of the mcidence of these post operative 
infections according to Howe (1957) Following a progressive yearly rise till 
the end of 1953, attention to the jjrevention of cross mfection produced a 
temporary fall the upward curve did not continue during 1957 — personal 
commumcation from C Howe Adams (1957) also observed that in the 4 
years preceding his report the infection rate in his hospital followmg 1,740 
operations had been in the region of 0 4 per cent but, m 1955, 8 infections had 
followed 603 operations — 7 in 1 week in November All these strains were 
penicilhn resistant also 

In England, Blowers, Mason, Wallace, and Walton (1955) drew attention 
to a serious rise m the incidence of pyogemc wound infections in a thoracic 
surgery umt m 1952 Before 1949 the madence had been between 1 and 2 
per cent but m 1950, 1951 and January to May of 1953 it reached the figures 
of 3 7, 2 1, and 10 9 per cent respectively In 1952 Staph aureus was found 
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m almost every climcally infected wound and the great majority were resis 
tant to pemcillm, though not, at this time, to chlortetracychne or chloram 
phemcol Again, Shooter, Taylor, Ellis, and Paterson Eoss (1956) followed 
the rise of post operative wound suppuration following ‘clean’ operations in 
a snrgxcal unit at St Bartholomew e ’Hospital, London During the penod 
July 1954 to Fehruary 1955 the incidence was 9 per cent m 427 wounds 
These wounds contamed Staph pyogenes usually resistant to penicillin 
Qarke (1957) studied the mfectioO rate m two general surgical wards over 10 
months m wounds closed at operation There were 3S2 of these and 52 broke 
down, or 13 6 per cent In his senes the commonest cause was the bursting 
of deep abdominal abscesses which on culture yielded coUfonnbacilb, but nevt 
to these the staphylococcus -was the commonest cause, half of the strains hemg 
resistant to pemcillm These resistant staph} lococci caused le&ions as severe 
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Fis la InfMtiaa nte for both major (scn«(U)«nd nueor (Invial) inTecttoos faUowin? 
cImh operation over 8 years u the general curgteal service of the Mauachutetu 
Memorial Hospital A progreattie sigfiificant rue Oom 1949 to the end of 1953 despite 
routine aseofprophylaotio antibiotics during this tune isseen Afall m 1954 and 1D55 
foUosfed an intensive programme for prevention of cross infection but despite these 
efiorts (be rate went np Bgain in 1930 * (From Howe, dnn Surg 1057 146, 334) 

• More recent, studies to the end of 1957 ehowd that the upward trend u» I9a6 wa* 
not msintarned (C W Howe — peisonal communication) 

as those caused by penicillin sensitive staphylococci In 1956 (Shooter, 
Griffiths, Cook, and Wilhams, 1957) another outbreak occurred m a second 
umt where sepsis developed in 24 wounds follotnng 86 clean operations, and 
Slaph pyogenes was recovered from 17 wounds At this time all strains were 
resistant to pemcillm, hut though at first sensitive to ehloramphemool and 
erythromyem, as these antibiotics were introduced for therap} , the strains 
were found to be resistant to them as well In addition to various methods 
to control the spread of infection, such as control of direction of currents of 
aw, more extensive stenhzatvon of instruments and materials, meticulous 
wound management with rigid aseptic methods, and isolation of carriers of 
epidemic strains of staphylococci, the simple measure of abandonmg the 
routme use of antibiotics as a prophylactic measure for clean operations and 
reserviDg their use for established infections only was adopted by the Massa- 
chusetts Slemonal Hospital The 3 years following this were marked b} falls 
in the incidence of post operative infections to the regions of between 1 and 
2 per cent of operations (Keefer, 1957) The removal of antibiotics from the 
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field of pre operative prophylaxis means that rehance is placed on the re 
sources of the surgeon and his staff to ensure the preventive measures 
needed to keep out bacterial invasion of operative wounds Should this 
vigilance be relaxed there is little doubt that the incidence of infection 
Mould rise Although having no influence on reduemg the mcidence of in- 
fection, there is, howeier, the possibility that the dimmished use of anti 
biotics may lead to their again being active in controUing sepsis An mcrease 
in infection rate v, as observed by Howe (1957) m the year 1950 It remains 
to be seen m hethcr this m as controlled by enforcement of the measures already 
outhned 


-Bailie ca^ualltes 

Wounds received m battle, vhere there is much laceration and presence of 
foreign bodies, depend more on vigorous early surgical treatment than do 
those in civilian life During the first 2 months of the Korean war, when 
casualties of the Commonwealth Forces had to undergo a long evacuation 
with many transfers until they reached their base hospital m Japan 42 
hours to 0 days after boarding ship m Korea, there was ample opportunity 
for wounds to become septic or for gas gangrene to develop In descnbmg the 
condition m 1,850 patients received on board the hospital ship Mattie, Latta 
(1051) stated that further surgical treatment Mas required in 12 per cent of 
410 major wounds, including 180 compound (ractures, 2 deaths followed in 
82 cases of intrathoracic uounds involvmg all combmations of pneumo and 
haemo thorax, 3 deaths among 40 abdominal mjuries and 2 each among ZO 
head injuries, and 10 hums Although the fear of manifest infection led to 
further surgical toilet m patients where ‘local pam, toxaemia, haemorrhage, 
unhealthy smell of the dressing or evidence of gangrene Mere present’, yet 
Latta mentioned 3 cases of gas gangrene only and 3 cases of large 
abscesses amongst his many casualties Procame penicillin, 300,000 Units, 
was injected tMuce a day into all patients who had other than mmor wounds, 
with the addition sometimes of streptomycin and chlortetracychne How 
far antibiotic therapy was responsible for this Iom mcidence of obvious 
infection cannot be gauged, but it is unlikely that surgical techmque superior 
to that practised in the Second World War vias responsible for the low 
mortahty, or that restorative transfusions were practised to a greater extent 
Again, M hen the evacuation of casualties had become better organized in the 
third phase of the Mur, Wright (1956) still considered that the long hne of 
evacuation put a great strain onthemen'aendurance One third of them took 
G or more days before secondary surgery could be performed m the British 
CommonMealth General HospitalmKure, Japan Host patients, m addition to 
having bad their wounds debnded in the mobile army surgical hospital m 
Korea, hadreceived pemcillm and anti tetameserum, yet not more than about 
9percent amvmgm Kure uere found to be infected, 2 percent severelyso 
No gas gangrene Mas seen It is of mterest to note that infections ivith Ps 
pyocyanea or Proteus species Mere the most difficult to eradicate IVheii 
the organisms Mere sensitive *n vttro to streptomycm or one of the tetra- 
cyclines the infection usually yielded to these antibiotics, but correlation 
betM een tn iitro teats and the results of chloramphemcol therapy uas unsatis 
factory 
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Otolaryngologlcal Infections 

The choice of treatment for acute infections of the upper respiratory 
passages has already been dealt vnth and the conclusion reached that, unless 
the infection appears to be due to Sir pyogen&a, it is better treated \nth 
antipyretics and sedatives, as the diances are that a virus is responsible for 
the condition When the discharge becomes purulent, how ever, or the tissues 
of larynx and pharynx give the appearance of a celluhtis, antibiotics are 
indicated BischoEF (1955) claimed that the dust laden winds prevalent in 
western Texas were apt to be responsible for acute bacterial infection in the 
sinuses or pharynges, especially m children During a 5 year study the 
majority of eases responded to 300,000 Units of procame pemeUlm given 
intramuscularly or to oxj'tetracyclme taken bj mouth ^hen fever was 
present a vasoconstrictor was used, followed by one of the various somewhat 
toxic antibiotics as local insufilatioDs Bacitracm, neoroycm, or polymyxin 
B, together with hyaluromdase, were apphed with the result that fever 
subsided and prostration was alleviated within 24 hours 

Sinusitus 

Davison (1951) made j early teats of the sensitivity of the Gram positive 
cocci found m pus from the noses of patients with chrome smusitis, and 
found a steadily decieasmg proportion which remained sensitive to 002 
Unit per ml of pemcillm Thus, between 1943 and 1050 the percentage of 
sensitive orgamsms bad fallen from the region of 80 to zero At this time 
Davison found that the greatest number of orgamsms were susceptible to 
chlortetracyclme and oxytctracjcline in concentrations of 1 to 5 jig per ml 
Nevertheless, in acute cases fortified procaine pemcillm m a dose of 4 8 
milhon Umts daily still produced a good response m the majority of cases, and 
with the addition of 0 5 G of streptomycm 6 hourly some of the best results 
were obtamed In chrome sinusitis 6 4 milLon Umts of fortified procame 
pemcillm cleared up the condition after lower doses had failed 

Frontal sinusitis 

If a comparison can be made between the morbidity of a condition treated 
m hospitals m different countries, the figures of GUI Carey (1954) are of 
particular mterest For 15 yeans up to 1944 the number of patients with 
frontal smusitis admitted to the Massachusetts Eye and Ear Infirmary was 
276 approximately half of these were treated before chemotherapy or anti 
biotics had been mtroduced Four hundred and forty seven operations were 
performed on these patients, of which 34 4 per cent faded to achieve their 
objective The mortality was 15 pCT cent , all but 1 death occurrmg before 
chemotherapy In the 6 years precedmg January 1954, 132 patients with the 
same condition were received at the Royal National Ear, Nose and Throat 
Hospital, London, when chemotherapy and antibiotics were m use and little 
change had been made m operative techmques There w ere 29 5 per cent of 
operative fadures, but only 1 patient died This very great improvement on 
the earher figures comcided with the introduction of the new agents and 
provides strong circumstantial evidence that they' were mainly responsible 
for the improved prognosis 
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Phlegmonous laryngitis 

RTien the larjTix ^vas the site of acute cellulitis, chlortetracycline ^\as 
administered m doses of 0 25 G 6 hourly by Rosenbaum (1954) In this 
M orker's experience improvement followed m 5 out of 8 cases mthm 24 hours 
It IS ob\ious that in acute pyogemc infections, when no delay can be allowed 
for bacteriological tests before treatment is applied, the choice at present hes 
between pemcillm, chloramphenicol and the tetracyclines Whichever anti 
biotic IS chosen should depend largely on the locahty in uhich the patient 
contracted his illness If at home, penicilhn is still hkely to be of benefit , if 
m a hospital uhere antibiotic resistant staphylococci are known to be pre 
valent, one of the tetrvcj dines should be chosen On the other Izand, if cases 
here have been found in general not to be respondmg to these drugs, then one 
of the newer antibiotics should be administered— erythromycm, novobiocin, 
or vancomycin 

Nasal conditions 

Apart from the common cold, infections of the nose are not common Those 
vhich supervene on an atrophic rhmitis, however, can be bacterial m origin 
Steratem (1951} dealt with 13 such cases, and later m 1951 with a further 22 
Sterstem’s initial treatment was to admuuster streptomycin and pemedhn 
4 times a day as an inhalant, together mth a vasodilator and mcotmic acid 
Ten of these early cases showed striking chmcal improvement, with dis 
appearance of odour, crusts, and KlebsttUa orgamsras there was a demon 
strable increase m moisture on the surface of the nasal mucosa an increase m 
circulation, and a partial return of the sense of smell Later trials were made 
with other antibiotics oxytetracychne, chloramphcnjcol, and bacitracin 
Again strikmg improvement was seen m the majority of cases but there was 
still a small mmonty (2 m this series) which did not respond to treatment 
It is possible that the underlymg condition rather than the bacterial infection 
was responsible for the symptoms m these unresponsive cases 
External otitis 

Otitis externa, although m the nature of on eczema, readily becomes m- 
fected The most common organism to be isolated from the surface lesions is 
PseiidomoTias pyocyanea, hut Staph aureus, E c<Ai, and Staph aiiws are also 
found (David, 1951) Most workers agree that the results of local application 
of pemcvUin to the ears in this condition have been disappomting Strepto 
mycm followed by cblorajnpheoicol cream has however, been frequently 
useful Oxytetracychne by mouth together with triple sulphonamides or 
m a 1 to 4 per cent solution was advised by Tremble (1955) IVhen 
Ps aeruginosa vias present m pure culture or when Gram positive cocci were 
absent, poljTnyxin B or E were particularly effective omng to their bac 
tericidal action A few cases arc due to fungi, and these seem to be on the 
increase smee no few er than 29 were admitted to the Roj al Victoria Hospital, 
Montreal, m a recent period of 30 months (Stuart and Blank, 1955) All were 
due to one stram or another of Aspergillus Although local applications of 
neomycin, polymjrxin, chloramphenicol, MerthioJate, or Cresatm were em- 
ployed, the response was poor m all cases It remains to be seen what effect 
the local or systemic admmistration of nystatm or some of the newer anti- 
fungal antibiotics may have on this condition 
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In a comparative study of different treatments among 493 cases vath acuto 
diffuse otitis externa, Sentnna, &os3, Lett, and Hardy (1934), using oxj- 
tetracycline, polymyxm B snlpliate, 4 aminomethylbenzenesulphonamide 
hydrochloride, mtrofurazone, or oxytetracyclme and polymyxin together, 
found that the rehef of pam and tenderness, and the subsidence of oedema 
tras generally achieved by oxytetrai^chne or oxytetracyclme plus poly 
myxm B 

Otitis media and mastoiditis 

When occumng m babies this condition is often difficult to diagnose for 
the symptoms are often those of a gastro intestinal upset It is important, 
therefore always to look at the ear drums when examining a baby with a 
complamt the cause of which is not particnlarly obvious At the time of 
teportmg, Bcrorgeoia and Franck (1951) found that chlortetracy chne, m doses 
amoiintmg to 0 5 G daily, led to rapid improvement m this condition If the 
response did not follow quickly, chloramphemcol or oxytetracyclme were 
tried PemciUm and the sulphonamides were considered to be too often use 
less for tnal before the drum had perforated and an opportunity of isolating 
the responsible organism and testing its sensitivity had presented itself 
When the ear drum is bulging or there are signs of much exudate m the middle 
ear, mjTmgotomy should be performed , for the retention of inflammatory 
products, even when the infection » controlled, leads to thickening of the 
membrane and lessening of the mobiLty of the ossicles, so that permanent 
impairment of the acuity of heanog may result (Flanders, 1950, Loderer, 
1930 , and McLaunn, 1933 Popper, 1937) In older patients, especially if 
they bad received antibiotics, Baet cdt and Fs pyocyan4a are frequently 
found When the ear is already discbargmg, isabihty to make a bacteno 
logical examination is no longer a barrier to correct therapy Careful cleansing 
of the ear with equal parts of penicillm and streptomycm usually cleared the 
discharge m 3 days (David, 1951) An intecestmg year’s sorvey of the treat 
meat of otitis media m general practice m thia country was made by a u ork 
mg party of the Medical Ilesear(i Council (1957 b) In 13 practices throughout 
the country m 1955, 1,162 patients were diagnosed as having acute otitis 
media, i e they complamed of pain or deafness and on examination showed 
redness of the drum, discharge, or perforation Treatment varied from prac 
tice to practice m 7, more than 90 per cent ofpatientsreceivcdanantibiotic 
or a sulphonamide, whereas in 3 others chemotherapy was employed for less 
than 40 per cent of the patients PenicQlin was used to the greatest extent 
but the tetracyclmes, chloramphemcol, or streptomycm were also prescribed 
Assuming that this method of treatment was only used wh^n necessary , the 
results are of mterest m 1 patient only was myrmgotomj performed, hut 
there were 14 who were referred to hospital about whose subsequent history 
nothing IS known In the remamder, comphcations occurred m 8 patients in 
the shape of mastoiditis, cervical adenitis, facial palsy, and mcmngitis 7 
weeks after the attack of otitis media Six months after the attack all but 
50 patients had been followed for signs of residual defects This occurred in 
8 per cent of patients, more commonly as age increased Deafness, usually 
shght, was the most usual after effect and discharge was present in 17 patients 

Mastoidectomies are non seldom performed and the comphcations whicli 
foEow otitis and mastoiditis were rate by 1951 (Davison) Cases requiring 
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mastoidectomy steadily duumislied even when only peniciUm was used 
Davison (1951) quotes the followup figure from the Geismger Memonal 
Hospital, Pennsylvania 

No of eases vnih Xo vnlhstmpU Percmtagt 




aetUe oftlM and 

mastoid 

regiiinni? 

2 ear 

Drug tn current use 

masloiduis 

operation 

mastoidectomy 

1037 


202 

110 

59 

1943 

Sulphonamides 

282 

74 

26 

1046 

Femcillin (m small doses) 

247 

10 

21 

1949 

PcnictUin (m large doses) 

189 

5 

27 

1050 

(First 

PeruoilJm 

93 

5 

53 

6 months) 





The nse m the percentage of patients tequinng mastoidectomy was ascribed 
to the greater prevalence of penicillin resistant organisms 

Later pubhcations have been more concerned with the results of antibiotic 
therapy than with the specific treatment indicated Obviously with such a 
battery of drugs now readdy available — penicillin, bacitracin streptomycin, 
the tetracyclmea, neomycin polymyxin, erythromycm novobiocm, and others 
— it should be difheult to find no drug which would control the mfection under 
consideration Staphylococci and haemolytic streptococci still seem to pre 
donunate in infections of the paranasal sinuses, pharynx, and surface of the 
eye (Fngal, Holomut, and Haber, 1951), and smee local applications of a drug 
are often as efiicacious as systemic administration, there is httle to be feared 
from toxio effects Reardon (1052) hke Davison (lOol), stated that mastoid 
ectomy had almost disappeared from the surgeon s curriculum, that 
Caldwell Luc operations in the maxillary amuses nere uncommon, and that 
radical frontal operations were rarer still Intracranial comphcations ansmg 
from infected smuses bad also decreased remarkably Stinson m 1951 stated 
that in the previous 4 years he bad had no case of mastoiditis in patients he 
had attended for the ongmal otitis , all these i>atientB had received antibiotics 
from the beginning of treatment Rutter and Ballantyne (1952) had httle 
success with sensitivity tests m the 54 cases with discharging ears and fell 
back for the most part on local insufflation of powdered oxytetracychne 
With such disparity between climcal results and sensitivity tests as described 
by these authors, one is tempted to suggest that the method of testing for 
susceptibility should be looked mto before this surest gmde to the right 
treatment is discarded Fowler and Freeman (1954), on the other hand, relied 
on sensitivity tests as a gmde to treatment and found that 60 per cent of 
cases responded to the tetracyebnes or chloramphemcol These authors 
agreed with Rutter and Ballantyne (1952), however, that oxytetracyelme 
powder was particularly successful, although polym3^n B was also recom 
mended for appbcation to certam infections of the ear One other group of 
workers mvestigated the position m chrome otitis media (Das, Singh, Taueja, 
Khanna, and Chaddah, 1954) In cases of chrome otitis media the following 
antibiotics were found to be most suitable 

For proteus and Ps pyocyanea Dihydrostreptomycm drops un 
infections til the ear was dry , then 

the powdered antibiotic insuf 
Hated into the ear 


B 7873 
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For staphylococcal infections and Oxj'tetracyclme 

those due to Str virtdajis 

For infections due to the coli Cliloramphenicol 

aerogenes group 

In view of the knowledge that the organisms causing these conditions could 
be found in the external auditory meatus for as long as 3 5 ears after healing, 
insufflations were continued for I year after the car had dried Wiether this 
was a wise precaution cannot be inferred from the results 


Infections of the Eyes 

Before considering the vanoua infections of the e> e it is necessarj to discuss 
the most suitable routes of administration for the different antibiotics m order 
to secure their penetration mto the tissues and chambers of tho ey e Sorsby 
(1950) has pomted out that the eje is pharmacologically a double organ The 
hds, conjunctira, adnexa, and sclerotic have a similar blood supply and can 
be grouped with other organs, the general rules for the administration of 
antibiotics applymg to these tioues also The cornea, the aqueous, and the 
vitreous are avascular and the concentrations attamable m these vary with 
the mode of administration Subconjunctival injection undoubtedly provides 
the most effective method of adnumstration, for it not only produces higher 
concentrations than are obtamable by local appbcation or with the usual 
syetexmo doses, but the level is mamtained for a relatively long period If 
a vasoconstnetor such as adrenatme is added to the injection, a dose of 1 
miHion Umts of pemcilhn produces concentrations m the vitTeous comparable 
with those obtamed from direct mjection of 5 000 Umts into this humour, 
without the nsk of trauma and consequent impairment of vision Similar 
results are produced by streptomycin, but unfortunately chlortetracyclme, 
oxytetracychne, and chJoramphemcol are rather irritating Cbloramphemcol, 
however given systemically, rapidly penetrates the ocular tissues which have 
a good blood supply (Dunphy, 1950) 

Blepharitis 

Accordmg to Ainshe (1951), stratos of staphylococci responsible for this 
condition were by 1951 already poorly sensitive or definitely resistant to the 
action of pemcillin and sensitization bad become more common There were 
thus two reasons lor using Ibis antibiotic with restramt In any case,berore 
using it, a culture and a test of sensitivity should undoubtedly be made 
When tests were made in 30 cases of blepharitis, only 11 out of 22 staphylo 
cocci isolated were sensitive to peniallm whereas 21 were inhibited by cldor* 
tetracycline as judged by the paper disk method of testing The rt^ls of 
the cbiueal trial with chlortetracyclme were not so encouraging, for, of the 22 
cases only 13 were successfully treated , in 6 the infection recurred and 3 cases 
did not show any improvement Thus only 2 more cases responded to treat- 
ment than might have been expected bad pemcilhn been used In a few cases, 
however, Bact fnedlanden was isolated, or no bacteria were crultivated from 
the hds These eases responded well to chlortetracyclme after the crusts had 
been removed with warm salme, an ointment contammg 1 mg per ml was 
apphed 2 hourly, and later 4 hourly 
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Keratitis 

"N^^ether pcmcilUn should be used m infections due to pemciUmase produc- 
ing staphylococci is still open to doubt Locke (1949) used it m rabbits mth 
anterior chambers infected experimentally with 3 separate strains of organism 
Ono of these strains produced too mild an mflammation to be worth testing, 
but the inflammation produced by the other 2 strams was treated with solu 
tions of sodium penicillin containing 1,000 Umts per ml , bacitracm contam- 
ing 1,000 Umts per ml , or streptomyem or a combination of penicillm and 
streptomycin given bj iontophoresis Curiously enough, the infection caused 
by 1 strain responded best to pemcillin, but the other strain was not affected 
Neither infection benefited from the combination of penicillin and strepto 
mycin ^Vhen bacitracm w as used, no greater concentration than 1 ,000 Units 
per ml could be tolerated, for stronger solutions produced conjunctival 
congestion, chemosis, and blepharospasm 

Trachoma 

In the acute and early stage trachoma can be readily brought under control 
by the sulphonaraides It is when the condition has become chrome and 
scamng is present that treatment becomes problematical Bietti, who made 
an intense study of the effect of antibiotics on trachoma in 1048 when he bad 
only pemcUhn, streptomj cm, and tyrothnem for trials, found pemcillin the 
only effective agent Smiscal (1950) gave modified support to this conclusion 
Trom observations on more than 3,000 cases at the Missouri Trachoma 
Hospital during 1941 to 1048 Smiscal considered that the sulphonamides had 
proved their efficacy as the agents of choice and that pemcillin and bacitracm 
played their part onlj by clearing up the secondary infection Freyehe (1950) 
noted, as did Bietti, that under the influence of penicillin inclusion bodies 
degenerated and eventually disappeared Unfortunately invasion of the 
conjunctival cpithehum frequently recurred when treatment -was stopped 
Frej che considered that penicilim acted m a different w ay from streptomyem, 
the latter bemg useful only m controllmg the secondary infection which so 
frequently accompanies trachoma Chlortetracyclme, however, was at that 
time found to act at least as well as penicillin or the sulphonamides in the 
one case m ivhich it was tried From reports received from others (Sloutmho, 
Gcilo, aiui de 10491, however, Fceycho stated that of 30 cases treated 

by chlortetracjchne at all stages of the infection 27 showed great improve 
ment or were cured, corneal complications also responding rapidly to treat- 
ment Chlortetracyclme, when locally apphed, w apt to be imtating and for 
this reason it is better to choose one of the other tetracyclines Both, applied 
locally and persistently several times a day m strengths of 0 5 to 1 per cent 
m ointment, have cleared up trachoma whether acute or chrome, the cica- 
tricial stage being the only one beyond control This treatment was advocated 
by the Expert Committee on Trachoma of the World Health Orgamzation m 
1952 

Isolation of 3 strains of the virus of trachoma was claimed by Tang, Chang, 
Huang, and Wang (1957) Curiously enough, they found that they were 
readily inactivated not only by the tetracyclmes but by pemcilhn They 
were, however, resistant to streptomyem A later report of the same Orgamzi 
tion (1955) pomted out that 400 million people, or one sixth of the world’s 
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population, were infected -with traclioma, only Europe and the North 
American contment bemg considered rdativelj free of the infection Mass 
campaigns instituted m Egj’pt, Tumsia, Morocco, Formosa, and elsewhere 
proved the disease to be curable ivith a combination of antibiotics and 
sulphonamides In view of the expense of the tetracyclines the treatment 
recommended by the World Health Organization was reduced to 2 daily 
appheations of antibiotic omtment over 2 months together with treatment 
of the accompanying conjunctivitis Three 3 cars’ trial of this limited number 
of appheations had proved satisfactory 


Infections of the Skin 

In 1951 the Medical Research Council of Great Britain issued a report on 
the results of treatment with different antibiotics m tlie commoner derma- 
toses This provides a good foundation for discussion and is therefore 
summarized here Three antibiotics were chosen — cMortettac3 dine, oxytetra* 
eycUne, and chloramphemcol, the fourth medication being a dummy capsule 
mdistmguishable in appearance from the others Each patient was given 4 
doses daily amoimting to 2 G together with a vitamin B tablet The treat 
ment was continued for 3 weeks The results were as follows 

Herpes simplex recurrens (31 cases includmg 8 controls) no effect obtained, 
1 case relapsed while under active treatment 
Plantar warts (30 cases including 9 controls) no indication was given of 
the Bupeiionty of antibiotic therapy over administration of inert capaules 
Lichen planus (19 cases mcludmg 4 controls) 

Fit3aiasis rosea (25 cases including 0 controls) 

Dermatitis herpetiformis (12 cases mcluding 2 
controls) 

Discoid eczema (16 cases mcluding 3 controls) ^ 

Seborrhoeic infective eczema (7 cases of short 
rapid recovery 
(7 cases of long standing) 5 of these were 
unaffected 

With these antibiotics nausea, vomitmg and other gastro intestinal distur 
bances were severe enough torequire disconlmoance of treatment in 29 out of 
147 patients These conclusions mdicatc that the antibiotics used have a 
smgle function, that is, to control mfection and that conditions of a different 
aetiology do not benefit from antibiotics except when the lesions become 
secondarily infected 

On the other hand there have been many reports of the good effect pro 
duced by antibiotira m p3 ogemc dermatoses Phdip (1954) used an application 
containmg 500 Umts of bacitracm and 10,000 Units of poIym3Tan B sulphate 
added to 55 ml of water and mixed m a base of carbowax, vegum, sorbital, 
and lecithin The lotion was painted on the affected areas 3 times a day and 
allowed to dry so as to form a protective coating over the lesions, no ban 
dagmg was apphed These 36 cases, which included varicose and exudative 
eczema, contact dermahtis, chronic paronychia, hydrademtis suppurativa, 
Rkiia poisomng, and dissectmg cellulitis, were obviously infected Excellent 
results were obtamed m cases which were acute and weeping but, as might 


J The results with anti 
biotic treatment were 
comparable to those of 
the controls 

: duration) these made a 
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be expected from the poor access of the drugs to the lesion resulting from local 
apphcation, only a fair result folIoTTed treatment of dissecting celluhtis Leg 
ulcers vrere promptly sterilized, permitting surgical procedures for covering 
them, and exudative dermatitis dried promptly, as did the bullous lesions of 
pemphigus, although the pemphigus itself nas unaffected Deeper coccal 
infections such as cosis vulgaris and follicuhtis responded so long as they 
■were accessible from the skin surface, and secondary purulent infections 
cleared rapidly In closed lesions uhere no penetration of the lotion uas 
possible, there u as no effect From this report as Tvell as others, for example, 
Miller, Slatkin, and Johnson (1948), it can bo seen that irhen used locally for 
susceptible infections bacitracin is fully as effective as pemciUm Reactions 
up to the present time have been very few, so that there is Uttle fear of these 
complicating the issue Since neomycm is an all purpose drug and both 
neomyem and bacitracin are bactericidal, the combination of the 2 for mfec 
tue dermatoses seems to be approaching the ideal Alwajs, however, one 
must add the proviso that routine and undespread use of the drugs may 
encourage the predominance of resistant strains 

Pj odermas Impetigo 

Livingood (1951) made a special 8 tud 3 of the treatment of this condition m 
children Among the bacteria isolated from the lesions uere Staph aureus, 
haemoljtio and non haemoUdio streptococci, Staph albus, Str ttndans, 
Alialtffenes faccalis, Staph eitreus, proteus, and Pe pyocyanea Livingood 
found the most satisfact ory treatment to be soaks in jiotassium permanganate, 

1 0,000 to 1 10 000, and, if the usual antiseptic appbcations such as am 
moniated mercury ointment, Biurow’s solution silver nitrate, Vxojorm, or 
Castellam s paint were not satisfactory, a suitable substitute was an ointment 
containing bacitracin m o concentration of 500 Vnits per G , ehlortetracj chno 
30 mg per G , and neomj cm 1 5 mg of the pov\ dered sulphate to 1 ml of 
water On the other hand, if the imolvement of the skin uas extensive, 
systemic therapy became mandatory , pemciUin chloramphemcol, or one of 
the tetracyclines, m this order of preference, uas then given Noojm (1951) 
advised treatment for pyoderma on much the same hnes, but still recom 
mended pemcdlm m preference to other antibiotics when systemic admmi 
stration was advisable However, for local application Noojm pointed out 
that tyrothricm was stili available and was stable as a w et dressing so that it 
could replace penicilhn or, if need be, bacitracin Again the reader is reminded 
that where Ps pyocyanea predominates polymyxm is the most reliable of the 
antibiotics for removmg it 

Another senes of pjogemc infections treated by SliUer et at (1955) with 
erj’thromyem (10 mg per G in a petrolatum base), neomycin in the same 
concentration, or oxytetracychne (30 mg per G), showed that each anti 
biotic alone produced results which were as satisfactory os when two of the 
antibiotics were used together Impetigo, follicuhtis, eczematoid dermatitis 
and other infected dermatoses all responded better in patients treated with 
erythromyem or oxytetracyclme than in those treated with a placebo 

At the present time admimstration of combinations of novobiocm with 
tetraejehne phosphate complex (Jam^, 1957), or tetracycime with nystatin 
(Rem, Lems, and Dick, 1957) seems to be the favourite method of treat- 
ing pustular dermatoses Therapeutic respoiaes m a variety of conditions 
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including furunciilosK, pjoderma, impetigo, sycoHVi \ uigani or Inrbne, infec- 
tious eczcmitoid dermatitis, ludmtlcmtiSBUppurntun, dermatitis repens, and 
acne \ulgari3 were excellent in the great majority of cases Hut the c\idcnco 
in this hook slions rc(>catcdl^ that the antibiotic v Inch prixlticcs an excellent 
response todaj, if uscil roiitinel), vill tomorrow bt of little xalue 

Tlie addition of cortisone to the xarious antibiotic preparations was tried 
b^ Robinson, Robinson, and Strnban (10‘i’i) These authors found that 
cortisoneprotluccd atemporarj imolution of lesions and a relief of g^>'mptoms, 
but when It was used alone rehpscs oecurrctl, these did not occur when 
antibiotics were usexi at tlie same time These authors u'cd 10 preparation? 
consisting of one or other of the tetraej dines, crj-throm^cm, ncximjcin, 
neomjem and bacitracin, or tViesc two together with pol^THjxin, but no 
preference was stated 

Dermatoses due to } casts 

from cxiicrimcnts in ti/ro, GraciatLskj, I>eclcrq Delaporte, and Coum de 
Roumillj (IOjj) saw no evidence that nntibactenn! antibiotics stimiilatwl 
the growth of 3 casts or that these organisms aequirtxl greater \inilonco when 
growing m the presence of an antibiotic Wien, howetcr, thc«c workers 
turned their attention to animal? thej found that the administration of the 
antibiotics then m their possession did faxoiir the growth of jeasts Tlie^ 
explained the plienomcnon by an alteration in microbial pattern which 
allowed the jeast? to grow more rigorously when the antibiotics were 
administered 

Tlie discotcry of various antifungal antibiotics, of which nystatin has been 
most estcnsivclj dcsclopeil up to date, has changwl the picture A limited 
clinical trial of local applications of nystatin ointment or solution 3 times 
daily to sites of cutaneous momluLsts, and of oral administration of the drug 
in 59 patient? produced good toexcclJent resulls in all The length of treat 
ment usualK required to preicnt relapses ims 2 to 4 weeks (Wright, Graham, 
Newcomer, and Sternberg, 1950) In a second stiicly by Wright, Cnhatn, 
and Stembe^ (1957) nystatin was confined to local applications Results 
were still good in the great majority of eases, though brought about more 
slowly Rev Robinson (1956) also obscrvcil consistent improxcmcnt in 
lesions about the nails and fingers after appbcation? of nystatin in an oint- 
ment containing 100 000 Units per G 

Acne 

This stubborn condition only sometimes responds to antibiotics Robinson 
(1954) found only 19 of liis 72 patients were relieved by the use of antibiotics. 
PemciUm administered intramuscularly was found to be of no value, and the 
tetracyclines, chloramphenicol, and erythromycin were only considered of 
value a? supplementary methods of treatment After an initial improvement 
has been obtained by these drugs they should not be continued, but used 
only intermittently in relatively email maintenance doses 

In pustular acne, Noojui Osment, and Winkler (1954) found that the pre 
donnnant organism was a haemolytic Staph albua against which penicillin 
was the most effective antibiotic but oiqrtetracy dine, chlortetracychne, and 
chloramphenicol, in that order of effectiveness, came next Sensitivity tests 



Chapter 7 IN DISEASES CONSIDERED BY SYSTE’SIS 203 

of the organisms isolated it ere made to determine it Inch antibiotic iras most 
likely to be effectire As a result of these tests, 17 of the 24 patients m this 
Bones received 100,000 Umts of peiueillm bj month 3 times a day, 2 patients 
received chlortetracj cbne, and 3 o-^etrac>clme The pustules improved 
within. 2 weeks in 20 patients and further improvement was noted vhen the 
antibiotic was changed No response was obtained m 3 cases WTien, however, 
any of the antibiotics ere discontinued relapse was apt to occur A combma 
tion of oleandomycin mth tetracycline applied 4 times a day for 8 weeks 
proved successful m 80 per cent of cases in the hands of French and Stutzler 
(1957), a better result than that obtained with oleandoraj cm alone, neomycin, 
novobiocin, or combinations of these antibiotics with other tetracyclmes 
This combination, howeaer, did not impress Cornblect and Firestem (1957) 
as being particularly effective during a similar period of treatment These 
observations seem to indicate the need for more prolonged antibiotic therapy 
and regular bathing of the site with some non irritating antiseptic solution, 
80 that the organisms anil not persist on the skin and re mvade the tissues as 
Boon as the protection afforded by the antibiotics js withdrawn 

Acne necrotlca 

Only 2 instances of this condition treated by antibiotics have been found 
(Stntzler, Friedman, and Loveman, 1951) Even though the infection had 
persisted for several years with ulcerated and crusted lesions along the 
margins of the scilp, forehead, nose, and eyebrows, it was controlled by 
penicilhn m (lo«e8 of 100,000 to 300 000 Units of the crystallme preparation 
daily, or the same dose of the oily preparation twice weekly However, 
lecuirence followed m L case after treatment was discontinued Theorgamsm 
isolated during the recurrence requued 8 Umts of pcniciUin per ml to inhibit 
growth, but no mention is made of whether or not the organism was a pern 
cillmase producer, in which case a secondary infection might be suspected 

Hidradentitls suppurativa 

From 23 cases treated at the Veterans Administration Hospital, Brooklyn, 
New York, by Sterner and Grayson (1955) a haemolytic Siaph aureus was 
usually cultivated, but m 22 chrome cases various secondary mvaders had 
itskea fie pfecu of fie gtap&ykKVKvm scat^ farES to smph 

measures such as the adraimstration of a suitable antibiotic, incision and 
dramage, and the condition did not usually recur In the chronic form, 
satisfactory results were more difficult to obtam ‘Intensive antibiotic 
therapy’, irradiation and attention to the systemic disorders did not produce 
anythmg but poor results Radical excision of the affected area with sub 
sequent grafting seemed to be the only method which offered hope of success 

Ocular pemphigus 

In the few cases seen by Church and Sneddon (1953) at the Royal In 
firmary . Sheffield, antibiotics had no effect on the progression of the lesions 
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CONCLUSION 

The foregoing pages Imre accomplished httlo if the} lia%e not led the 
reader to conclude that the raluo of antibiotic thcrapj is m a continual state 
of flux Tlie changing susceptibility of pathogenic bacteria to antibiotics fn 
common use ivithin a rcslnctcd area, the commercial production of host 
factors uhich influence the bodily rciction to infection, the possibility of 
increasing numbers of antibiotics being prepared against thscase cren the 
chance that an agent ma\ be found to destroy penicillinase, uould altrr the 
scope of the aclmt> of antibiotics in a very short period of time At the 
present time no clinician can claim to know which antibiotic ho should pro 
Bcnbc, even when ho know 8 the actiological organism intbout being supplied 
at the same time with the results of a sensitnity test and without full know 
le<lge of the charactcnstics of the drug which seems most suitable in ti/ro Its 
habihty to induce complications the most suitable ronlo by which it should 
be given and the rapidity mth which it may induce resistance in the infection 
to bo overcome all need to be taken into account If these precautions need 
to ho taken with regani to a emgle antibiotic, still more do tlicy apply to 
a combination of them Lastly, routine use of antibiotics in hospitals, par 
ticularly as prophy lactic measures should be abandoned and their u«c limited 
to those ca«C8 where they are specifically indicated 
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combination with erythromycin, 160 
with tetracyehnea, 160 
therapy, amoebiasis, 160 
Fungal infections, treatment, choice of 
antibiotic 214, 216 
secondary, complicatmg therapy, 191 
treatment, 201 
Fungtcidin Bet Nystatin 
Furunculosis, treatment, with neomycin 
156 

with novobiocm, 64 
with oleandomycin, 52 

Gall bladder lofectioos, treatment, choice 
of antibiotic, 2S8 

Gamma globulm, adjuvant eSect in anti 
biotio therap} , 202 

Gangrene, synergistic, treatment with 
bacitracin, 116 

Gastro-enteritis, infantile, treatment, 
choice of antibiotic 226 
treatment with oleandomycm, 56 
with framycetm, 85 

Gastro mteatinalantisepsiswithneomjcm, 
148 

complications of therapy, 187 
prevention and treatment, I9o 
infections, treatment with polymyxm, 
133 

irritation due to erythrotnjcm, 10 
Genito urinary infections, treatment with 
neomycin, 153 
with polymyxin, 133 
Gonorrhoea, treatment, choice of anti 
biotic, 204 

treatment with cyeloseniie, 94 
with erythromycin, 21 
with novobiocin, 63 
with oleandomycin, 53 
with oleandomycm and oxytetra* 
cyclme combined, 66 
with spiramycin, 49 
with typothricm, 101 
Gramicidm, administration, 93 
antibacterial activity, 96 
clinical tnals, 99 
therapy, bram abscess, 101. 

diphtheria carriers, 102 
toxicity, 97 
Gramicidm S, 103 


Granuloma mgumale, treatment, clioico of 
antibiotic, 205 

treatment with carbomycm, 42 
with cycloserine, 93 
with erythromycm, 22 
with oleandomycm, 53 

Haemophilus endocarditis, treatment, 
choice of antibiotic, 221. 

Haemophitua tnfluenvie, choice of anti 
biotic against, 216, 225 

secondary infection by, complicating 
therapy, 191 

pertutM, effect of erythromycm on, 20 

Hand infectiona, treatment with novobio 
cm. 64 

Hepatitis, treatment, choice of antibiotic, 
239 

Herpes simplex recurrens, treatment, 260 

Hidrademtis suppurative, treatment, 
choice of antibiotic. 263 

Hodgkm's disease, effect of actinomycm, 
174 

Hypopyon, treatment with polymyxin, 
139 

Deocolitis, treatment with erythromycm, 
13 

Ilotycin. See Erythromycm 

Impetigo, treatment, choice of antibiotic, 
261 

treatment with neomycin, 136. 
with polymyxm, 137. 

Infection, superadded, complicating ther 
apy, 191, 196 

Influenza, virus, treatment with erythro 
iqycm, 27 

Jomt infections, treatment choice of anti* 
biotic, 230 

Keratitis, treatment, choice of antibiotic, 
259 

treatment with tyrothnem, 100 

Kerato conjunctivitis, treatment with ba 
citracm, 118 

Klebsiella pneumonia, treatment, choice of 
antibiotic, 232 

See also Bacterium friedlaniien 

Laeiobaetflu* aetdirphilua m treatment of 
gastro mtestinal disturbances, 195 

Laryngitis phlegmonous, treatment, choice 
of antibiotic, 255 

Larynx, infections, treatment, choice of 
antibiotic, 253 

Leprosy, treatment, choice of antibiotic, 

211 

Leptospirosis, treatment, choice of anti- 
biotic, 214 
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I/eukaemis, effect of araicetm in, I7fl 
mjeloblastio, value of erj-thronijcin 
therapj , 34 

Lichen planus, treatment, 260 
Liver abscess, treatment, choice of anti 
biotic, 239 

disease, treatment vith neomj cm, 153 
Lung abscess, treatment, choice of anti 
biotio, 230 

treatment with oleandoraj cm, 62 
LjTnphogronuJoma venereum, treatment, 
choice of antibiotic, 205 
treatment with carbomycin, 41 
with crjthromjcin, 23 
with oleandomycin and oxjdetra 
cjcline combined, 56 
vinis, inhihition bj erj-thromyem, 1 
Lymphopathia ^enereulrl, treatment with 
oleandomycin and tetraejelme, 67 

Slagnamycm See Carbomycin 
Slastitia, puerperal, treatment with tyro 
thricin, 102 

ilostoidectomy. erythromycin, therapy 
after, 13 

post operative use of tyrothricin, 100 
Slastoiditis, treatment, cfaoiceof antibiotic, 
256 

Meningitis due to Pa pyoeyanea, treat 
meat with polymyitui B. 130 
effect of erythreraycin m, 1 1 
H xnfiuenzae, treatment, choice of anti 
biotic, 241 

leptospiral, effect of antibiotics, 242 
lAalerta, treatment, choice of antibiotic, 
242 

staphylococcal, treatment with bacitrB' 
cm, 116 

treatment, choice of antibiotic, 240 
treatment with neomycui, 147 
with novobiocin, S9 
with polyrayxm, 129 

Meningococci infections, treatment with 
erythromycin, 23 

Moniliasis compheatmg antibiotic therapy, 
192 

treatment with amphotericin, 172 
with nystatui, 166, 168 
Mouth mfections, treatment with erythro 
mycin, 34 

Myeobacterium tuberculoaia, effect of ery 
thromyemon, 1. 

Slycomycm See Nystatm 
Mycostatin ,See liystatm 
Mystechin See Nystatin 

Xeiaaena aubjlava endocarditis, treatment, 
choice of antibiotic, 221 
Neomycin, 140-58 

administration, local, 145 
oral, 145 


Neomycui, administration (coni ) 
parenteral, 143 
animal protection tests, 140 
antibacterial activity, 140, 241 
combination with drugs, 168 

with other antibiotics, 145, 150, 151, 
152, 157, 158 

distribution in body fluids, 144 
dosage, 217 

for gastro mtestmal antisepsis, 148 
neurotoxtc effects, 192 
resistance, 140 
sensitivity tests, 178 
therapy, amoebiasis, 146 
cystitis 156 
diarrhoeal diseases, 151 
endocarditis, bacterial, 146 
eye infections, 157 
bver disease, 153 
meningitis, 147 
nasal infections, 158 
otitis media, 157 
septicaemia, 147 
skin infections, 156 
urethritis nonspsciflc, 156 
urinary mfections, 163 
toxicity, 142 

Neoplastic disease, antibiotics actne 
against, 164, 173, 176 
effect of actinomycm in. 173 
ofamicetm in, 176 
of puromycui m, 164 
Nervous system, central infections, treat 
rnent, choice of antibiotic, 240 
Nose, infections, treatment, choice of 
antibiotic, 255 

treatment with neomycm, 159 
Novobiocin. 58-70 

administration, intramuscular, 61 
oral, 60 

agents affecting activity , 59 
allergic reactions to, 187 
antibacterial activity, 58 
cficucaf iriats, 62 

combination with other antibiotics, 70 
distrlbutio&mbody fluids and tissues.fll 
dosage. 217 

effect on experimental infections, 60 
isolation, 58 
resistance, acquired, 60 
therapy, abscess, 67 
amoebiasis, 66 
arthritis, 67 
bacteroemia, 63 
breast abscess, 64 
burns, infected, 64 
carbuncle, 64 
ceOulitis, 64 

endocarditis, bacterial, 63, 67 
wdometritw, 68 
enterocolitis, 64 
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No'obiocin, therapy {coni ) 
furunculosia, 64 
gonorrhoea, 65 
hand mfectiona, 64 
meningitis, 69 
osteomyelitis, 63 
pelvic mfections, 68 
pneumococcal infections, 64 
pneumonia, 64 
Proteus mfections, 63 
respiratory tract mfections, 67 
Bolpmgitis, 63 
skin mfections, 64 
staphylococcal infections. 62, 63 
streptococcal infections, 64 
syphilis, 65 

urethritis, non gonococcal, 60 
urmary tract infections, 07 
venereal disease, 65 
toxicity, 62 

Xystatm, 104-70 
edmmiatration, 104 
clmical trials, 160 
combination with neomycin and poly 
my*xin, 169 
with tetracycline, 163 
dosage, 217 

fungistatic and fungicidal effects, 164 
side-efTects, 163 
therapy coccidionvycosis, 167 
momliasia, 166, 163 

Oleandomycin, 50-57, 217 
gdflunutration, 5! 
antibacterial activity, 50 
clinical trials, 52 

of combmations with other anti 
biotics, 54 
resistance to, 51 

synergistic effect of tetracyclme, 51, 54 
therapy, acne, 57 
amoebtasis, 57 
coinbmed with peiucillm, 54 
with tetracyclme, 54 
di^hthena^ 53 
gonorrhoea, 63, 66 
granuloma mguinale, 53 
lymphogranuloma venereum, 56 
pneumonia, 52, 56 
staphylococcal mfections 56 
urmary tract infectious 53 

toxicity , 61 

use m clmical practice, 217 

Oleandopen, 64 

Ornithosis, treatment with oleandomycm, 
62 

Osteitis, chrome, treatment, choice of anti 
biotic, 249 

Osteomyelitis, haematogenous, acute, 
treatment, choice of antibiotic, 248 


Osteomyelitis {cont ) 
treatment with gramicidin S, 103 
with novobiocin, 63 
with oleandomycin, 56 
Otitis externa, treatment, choice of anti* 
biotic, 255 

media, treatment, choico of antibiotic. 
250 

mth neomyem. 157. 
treatment with polymyxin, 137. 
Otolaryngologieal mfections, treotment, 
choico of antibiotic, 254 
treatment with tyrothricm, 100 
Oxamy cm Stt Cyclosermo 
Oiytetracyclmc, sensitivity tests, 178 
therapy, combined with oleanilomycm. 
54 

Paraty'phoid, treatment with synnematm 
D. 88 

Parotitis, treatment with oleandomycin, 
52 

Pelvic infections, treatment with novobio* 

cm. 63 

Pemphigus, ocular, treatment, clieico of 
antibiotic, 263 

PenictUin combined w itholeandomy cm, 54 
dosage 216 
sensitivity testa, 177 
sensitoation reactions, 137, 
prevention and treatment, IDS 
PeniciUinaso m treatment of pcnieillm 
sensitiration, 104 

Pericarditis, treatment with bacitracin, 
115 

with erythromyem. 30 
Pentomtis, treotment, clioico of antibiotic, 
238 

Pertussis See TVhooping cough 
Pharyngitis, treatment with oleando 
nvycui, 66 
with tyrothricm, 09 

Pmta, treatment, choice of antibiotic, 214 
Pmworm infestation, treatment with boci* 
tm n na. L13 
with polymyxin, 123 
Pitynosis rosea, treatment, 260 
Plague, treatment, choico of antibiotic, 
203 

treatment with polymyxin, 123 
Pneumococcal endocarditis, treatment, 
choico of antibiotic, 220 
infections choice of antibiotic against, 
215 

treatment mth ery-thromyem, 18 
with novobiocin, 64 
with nstocetm, 80 

Pneumococcus, sensitivity to erythromj - 
cm, 2 

Pneumonia, atypical, treatment, choice of 
antibiotic, 233 
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Pneumonia (cont ) 

bacterial, treatment, choice of antibio 
tic, 231 

H *nfluentat, treatment with carho 
mjcin, 44 

Klebsiella, treatment, choice of anti 
biotic, 232 

staphj lococcal, treatment, choice of 
antibiotic, 231 

treatment with bacitracin, 114 
with carhomycin, 43 
with cjcloserine, 94 
with erythromjcm, 11, 18, 29 
with novobioem, 64 
with nystatin and tetracycline, 169 
with ristocetin, 80, 81 
with spiramycin, 47, 48 
PoljTnyxin, 121-39 

administration, aerosol, 127 
intramuscular, 127 
intrathecal, 128 
mtravenous, 127 
local. 127 

antmal protection tests, 122 
antibaetenal activity, 122 
cluneal trials, 128 

combination itith other antibiotics, 130 
137-9 

isolation, 121 

therapy, bums, infected, 135 
dysentery, 134 
ear infections, 137 
enteritis, 133 
eye infections, 139 
gastro intestinal infections, 133 
genito urinary tract infections, 133 
hypopyon, 139 
meningitis, 129 
pertussis, 128 
pinworm infection, 123 
plague, 123 

preparation for bowel aurgery, 
135 

skui infectioua, 137 
typhoid, 129 
toxicity, 124 

from mttathecal injection 126 i 

Polymyxin E, dosage, 217 
Properdm, 203 ' 

Prostatectomy, erythromycin therapj | 
after, 13 

Proteus infections, choice of antibiotic j 
against, 216 1 

Proteus rnorgant,, inhibition by neomycin, I 
148 I 

infections, treatment mlbnoTO , 
biocui, CS ' 

Protozoa, inhibition by caibomjcm, I 
37 

Protozoal infections, treatment, choice of | 
antibiotic, 211 j 
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Pseudomonas aeruginosa, choice of anti 
biotic against, 2X6 

pyoci/anea endocarditis, treatment, 
choice of antibiotic, 221 
meningitis, treatment with polymyxin 
B, 13D 

Puromycin, 162-4 
antiprotozoan activity, 162 
as substitute for erythromycin, 217 
cluneal trials, 163 
dosage, 217 

' eSect in neoplastic disease, 164 
therapy, amoebiasis, 163 
trypanocidal eftects, 162 
Pyoderma, treatment, choice of antibiotic, 
261 

treatment with bacitracin and poly 
mixui. 111 

with erythromycin, 33 

Rectal infections, treatment with tyro 
thricm, 102 

Resistance to antibiotics, acquisition of, 
179 

Respuatory tract infections, treatment, 
choice of antibiotic, 223-33 
treatment with noiobtoein, 67 
With ristocetin 81 

Bhuutis, treatment with neomycin 163 
Rickettsiae, inhibition bi' earbomjcin, 
36 

inhibition by erythromycin, 1 
Rickettsia) diseases, treatment, choice of 
antibiotic, 203 
Ristocetin 77-82 
administration 79 
animal protection tests, 79 
antibacterial octiviti , 77, 78 
03 substitute for erythromycin, 217 
clinical trials, 80 
complications of therapy, 82 
distribution m body fluids 79 
isolation and chemistry, 77 
resistance, 78 

therapy, endocarditis, bacterial, 80 
pneumonia, 80, 81 
respiratory tract infections, 81 
staphylococcal infections, 81 
Rovomycin See Spiramycin 

Salmonella infections, treatment, choice of 
antibiotic, 206, 207 
treatment with synnematin B, 87 
Salmontlla typhmunum endocarditis, 
treatment, choice of antibiotic, 22f 
Sdpingitis, treatment wnth novobiocin, 03 
Sanamycin ,See Actinomycin 
Sarkomycin. 175 

Scarlet fever, streptococcal infections m, 
effect of erythromj cm therapy, 1 8 
treatment with Spiramycin, 47, 48 
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Be&sitizfttion reactions, 1&7 j 

prevention and treatment, 193 I 

Senaitivitj' tests, relation to choice of &nti | 
biotic, 177 I 

Septicaemia, treatment with erythromy- I 
cm, 13 ' 

with neomycin, 147 

Seromycm See Cjcloseruie I 

Side eSects of antibiotics, 186 
Sigmamycm, 51, 64, 67 
Sinusitis, treatment, choice of antibiotic, 
254 

Skm infections, treatment, choice of anti 
biotic, 260 

treatment with bacitracin, 119 
with erjthromycm, 33 
with neomycin, 166 
with novobiocin 64 
with polymyxin B, 137 
with typothriem, 101 
Soframycin 6ee Framycetm 
Spiramjcin, 46—49 
administration, 4.7 
antibacterial activity, 46 
cUnical trials, 47 
dosage, 217 

therapy, amoebiasis, 49 
gonorrhoea, 49 
scarlet fever, 47, 46 
staphylococcal infections, 48 
streptococcal infeetions, 47. 43 
typhus, 47 

use m eUnical practice 217 
Staphylococcal endocarditis, treatment, 
choice of antibiotic 219 
infections resistant to antibiotics, I8l 
treatment with erythromycm, 12-17 
with novobiocin 62, 63 
with ristocetm, 81 
with framycetm 87 
with epiramycm, 48 
with staphylomyem 82 
with vancomycin, 75 
Staphylococcus antibiotics controlling, 

resistance to erythromycm, 15 
resistant, clinical significance of, 165 
sensitivity to erythromycm. 12 
Staphylococcus aureus, choice of antibiotic 
against, 215 
Staphylomyem, 82 83 

as substitute for erythromj cm, 217 
therapy m staphylococcal infections, 
82 

Streptococcal infections, prophylaxis with 
erythromj cm, 18 
treatment with carborajem, 40 
with erythromicin 17 
with novobiocm, 64 
with spiramjcm, 47, 48 
with i aneomycm, 75 


Sirepioeoccus, sensitivity to erythromy- 

Streptococcus pyogenes, choice of antibiotic 
against, 215 

Str^tomycm, dosage, 216 
neurotoxie eSects, 192 
sensitivity tests, 177 
Streptomvicm See Novobioem 
Stytomycin Sec Pnromycm 
Sycosis, treatment with neomycin, 166 
Synnematm S, 87 
administration, 88 
therapy in salmonella infections, 87 
Syphilis, treatment, choice of antibiotic, 
204 

treatment with carbomyem, 41 
with erythromycm, 22 
with novobiocm, 65 

Tetracyclmes, dosage, 216 

gastro uitestmal reactions to, 188 
8yoergistieeffectofoleandomycui,61,54 
therapy, combined with ote&ndomycin, 
54 

Therapy, choice of antibiotic, 177-364 
complications of, 186 
prevention and treatment, 193-201 
Tonsillitis, treatment with carbomyem, 44 
Toxic effects of antibiotics, 186, 193 
treatment, 201 

Trachoma, effect of tyrothricm, 100 
treatment, choice of antibiotic, 259 
treatment with eridhromycin, 32 
Tbichomontasis, treatment with onisom} - 
cm, 161 

: Trypanosomiasis, treatment with puro- 
mycm, 162 

Tuberculosis, treatment, choice of antibio- 
tic. 211- 

Tulareemia, effect of pQlymjTon, 122 
treatment, choice of antibiotic, 208 
Typboid fever, treatment, choice of onti 
biotic, 206 

treatment with polymyxin, 129 
with Sf-Ottemstta B, S? 

I Typhus, treatment with spiramycin, 47. 

Tyrocidme, administration, 98 
^ antibacterial activity, 97 
toxicity, 97 
Tyrosolvm, 100 
' Tyrothncin, 96-103 
administration, 98 
clinical trials, 99 
resistance, acquired, 97 
therapy, cjstitis, 101 
empyema, 101 
eye infections 100 
gonorrhoea, 101 

i otolaryngological infections, 100 

puerperal mastitis, 102 
I rectal infections, 103 
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Tyrothncin, therapy (cont ) 

respiratory tract infections, Qg 
skin infections, 101 
trachoma, 100 
vaginitis, 102 
toxicity, 9S 


Ulcers, chronic, treatment n-ith banitracio, 
120 

tropical, treatment with bacitracin, 
321 

fKatment with oleandorajcm and 
tetracjcline, 57 

Umbilical infection, treatment ^ith ery 
throrajcm, 15 

Urethritis, gonococcal, effects of erythro 
mjem, oxj'tetraeyclme and tetra 
cj-eline compared, 21 
treatment with oleandomycin 63 
non gonococcal, treatment with novo 
biocin, 66 

treatment ivith spiramycin, 49 
noa epeoifio treatment with eryfhfo 
mycm 3! 

treatment with neomycin, 1S6 

Urinary tract infections, treatment, choice 
of antibiotic, 243 
treatment with bacitracin, 118 
with carbomycin, 45 
with cycloserine, 84 
with erythrorayciQ, 31 
with neemyem, 163 
with notobiocin, 67 
with oleandomycin, 53 
with polymyxin, 133 


303 

Vaguutis, trichomonad, treatment with 
tyrothricm, 102 

Vancomycm, 71-77 
administration, 72 
antibacterial activity, 71, 72 
combination with another antibiotic, 76 
with novobiocin, 70 
complications of therapy 75 
distribution in body fluids and tissues, 
73 

dosage, 217 

isolation, 7 ] 
resistance, 71 

therapy , staphylococcal infections 75 
Blreptococcal infections, 75 
toxicity. 71 

Venereal diseases, treatment, choice of 
antibiotic 204 

Virus diseases treatment, choice of anti 
biotic, 206 

Vomiting due to erythromycm, 10 

Warts, plantar, treatment, 260 

Whooping cough treaUaant, choico of 
antibiotic 207 

treatment with erythromycin 20 
with polymyxin B 1 38 

Wounds infected treatment, choice of 
antibiotic, 251 

treatment with bacitracin, 117 

Vawa. treatment, choice of aotibiotio, 
214 

treatment with oleandomy cm and tetra 
cyclme, 67 

least dermatoses, treatment, choice of 
antibiotic, 262 
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